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I. INTRODUCTION

A successful method to determine surface wi nd fields at high resolution
in varied conditions of weather and topography would find many applications
supporting U.S. Army operations. This report describes a numerical computer
analysis routine, developed under contract by Mission Research Corporation,
whose objective is to supply high resolution (‘

~
. lOOm) estimates of surface

layer wind fields over a limited area taking into account both rugged topo-
graphy and thermal structure. This numerical analysis which uses limited
meteorological input data but detailed terrain data is incorporated as a sub-
ordinate element in the Experimental Prototype Automatic Meteorological System
(EPAMS) at the Atmospheric Sciences Laboratory, White Sands Missile Range.

1.1 Scope of Work In EPAMS

The high resolution wind an~lysis implemented in the EPAMS embodies
an innovative approach to meet the challenge posed by the problem of wind esti-
mation at high resolution in broken topography. The method rests upon the
physical equations of mass conservation and of momentum conservation, but
emp loys these principles in the special variational form of Gauss ’ Principle
of Least Constraints)0 Gauss ’ Principle distinguishes external forces on
a mechanical system from Internal constraint forces arising from constraint
conditions. According to Gauss ’ Principle the equations of motion are satis-
fied when these latter constraint forces are minimized . Starting from an
initial estimate the analysis results are obtained by a direct variational
relaxation of wind and temperature fields in the surface layer to minimi ze
the constraint forces imposed by the warped terrain surface, thermal structure
and the requirement of flow continuity . The application of this prodedure
to the surface layer requires also the systematic use of empirically established
surface layer profiles,6 whose parameters are internally computed by the surface
layer analysis.

For operation within the EPAMS the surface layer analysis needs not
only detailed topographic data but also initial estimates of wind and temperature
fields over the restricted simulation area. Although these estimates can

1
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optionally be entered directly by the user, an automated data acquisition and
data analysis procedure Is provided to routinely generate the meteorological
input required by the surface layer analysis from data stored in the EPAMS
data base. These data consist of quality controlled observations (both upper
air and surface), output from lower resolution mesoscale models, and predictions
of the USAF Gl obal Weather Central “fine—mesh” model . They embrace two geographic
areas, the southwestern Uni ted States and Europe. The spatial resolution of
these data is typically of the order of 100-200 km which requires the data
analysis to bridge a factor of perhaps 50 in scale to obtain an estimate of
wind and temperature at the small (

~
. 10km dimension) simulation area. Al though

a reliable mesoscale model could perhaps best perform this data analysis function,
suitable mesoscale model output is not always availabl e in the data base.
Therefore, the automated data analysis produces estimates used for the local
surface wind analysis without requiring the use of a mesoscale model . The
diversity of data types and their varying relevance requires several alternative
techniques or combinations of techniques. Consequently the data acquisition
and analysis routines comf rise a major portion of the total software package
needed to implement the surface layer wind analysis in EPANS.

The surface layer analysis in EPAMS is based upon physical principles
• 

~nd incorporates many well-veri fied features, but it does contain approx imations
the validity of which is not established. In particular , restriction of the
computation to only the surface layer, without additional vertical structure,
may constitute an important ~Iimi tation. This new approach to a difficult
problem area will require adequata testing and observational validation.

1.2 Organization of Report

There are two aspects of the surface layer analysis in EPAMS; the
scientific basis for both the wind analysis itself and for the data analysis
procedures required to furnish its input, and, the actual computational al-
gorithms and structure built to Implement the analysis. The organization of
this report reflects these two aspects.

2 
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Section II presents a justification for the computational approach in
terms of objectives and requirements of the surface layer analysis. Through
a detailed discussion of the application of Gauss ’ Principle of Least Constraints
to the surface layer the theoretical basis of the high resolution wind analysis
is established.

Section III , also substantially cheoretical , describes the various
methods of data analysis used to determine from meteorological data stored
in the EPAMS data base the input information required for operation of the local
surface wind model.

Sections IV , V, VI describe the program structure in terms of logic ,
segmentation, and operational function of its constituent elements. Section
IV is a general overview of the large scale structure while Section V details
the organization of major segments and describes the functions of their sub-
ordinate elemerats. Computational segments are cross—referenced to the appro-
priate theory of Sections II and III. Section VI contains a description of

— some independent utility programs constructed to facilitate the use of the
surface layer analysis.

Section VII provides some general conclusions relating to the analysis
technique and describes some possibilities of future development.

Some Important, but detailed , matters are treated in the appendices .
Appendix A is a users manual containing descriptions of program files , inputs ,
and user options. Appendix B provides mathematical detail of the basic algorithms
used by the surface layer wind analysis. Appendix C illustrates the results
obtained by trial runs of the high resolution surface wind analysis. Appendix
D completes the program documentation by providing a complete, comented FORTRAN
listing of all programs developed for the surface layer analysis.

3 
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II. HIGH-RESOLUTION SURFACE LAYER WIND ANALYSIS

The ba..1ic analysis routine to produce the high—resolution wind esti-
mate employs an extension of the concepts described in BALL (1975); an inter-

• nal report of Mission Research Corporation. Starting from initial rough
estimates of the wind and temperature fields in the surface layer, d di rect
variational relaxation is performed to minimi ze the “constraint” in the sense
of Gauss ’ Principle of Least ConstraInts1° as applied to fluid flows. The
computation uses one constant-thickness layer, the volume between a user
selected computation height and the terrain surface. Within the warped compu-
tational layer which follows the terrain the wind and temperature fields are
adjusted as permitted by terrain geometry and conservatiri laws to minimi ze
the dynami c constraint. The resulting wind and temperature fields provide
an estimate conformable with input information and physical laws.

The choice of this somewhat novel approach is governed by objective
cons derations of input data limi tations , operational requirements, and
physical phenomenology . Below we discuss these considerations to show how
they justify the method selected. Subsequently we discuss Gauss ’ Principle
of Least Contraint for fluids and its application to the dynamics of the
atmospheric surface layer. The implementation of these concepts In the finite
difference numerical code is described in Section V.4 and Appendix B.

11.1 PERFORMANCE OBJECTIVES

The objectives of the sub-mesoscale wind analysis wi thin the EPAMS
are as follows.

The numerical model should provide horizontal resolution of the order

of 60-400 meters, a scale far smaller than typical mesoscale resolution,

sufficient to resolve the mechanical and thermal effects of small scale
topographic features and variations in characteristics of the earth/atmosphere
interface. In particular the model should operate in rough terrain where

4
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slopes and changes af slope may be large and abrupt. Comensurate with the
horizontal resolution the modeled area comprises a region only 5—20 km on
a side or 25-400 square kilometers in area.

Only winds within the atmospheric surface layer adjacent to the
terrain surface are desired . The vertical resolution of the model may be
limi ted to the surface layer, no more than 50 meters above the ground.

The model should be applic able at arbitrary locations at any time
of day and under a large class of prevailing meteorological conditions. It
should be re—locatable geographically and as versatile as possible.

Temporal variation of the windfield within the limi ted spatial area
of the simulation may be considered quasi-steady . The model itself need
include no time-dependence but should produce windfields dependent upon Input
variabl es which themselves exhibit significant variation only over time
intervals of one hour or more.

The model should be capable of operation with min imal meteorological
input of much lower spatial resolution than the resolution of the model.
Typically input data might consist of general stratification and estimates
of general surface wind in the modeled area. These estimates may derive
from any source; automated data analysis , mesoscale models of coarser resolu-
tion , or standard forecasts. In this specific application the estimates
are derived by automated analysis of data resident in the EPANS data base.

11.2 REQUIRED PHYSICAL AND COMPUTATIONAL CHARACTERISTICS

Achievement of the feature of general appl icability requires that

the high—resolution wind analysis rest as directly as possible upon the basic
physics underlying the phenomena. The need for special computational para—

meterization, requiring extensive measurements or testing , decreases in pro-

portion to the generality of the principles successfully embodied in the

5
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calculation . Well established empirical parameterization of general applica-
bility can , however, provide computational economies and can permit incorpora-

• tion of detail difficult or impossible to model physically.

• The feature of limi ted area allows an analysis based upon a steady-
state, diagnostic application of the governing equations. A steady-state
model can be structured to incorpora te the significant terrain and thermal
effects and to average transient, fine scale, time-dependent eddy structure.
A spatially extrapolative/interpolati ve model is capable of incorporating
the effects of local inhomogeneities upon the wind field. Temporal dependence
over time intervals exceeding one hour can be provided by alteration of
meteorological input parameters.

The model structure should reflect the lack of resolution and detail
in meteorological input. A rational model must be structured to utilize
maximally the availabl e input without either explicitly or implicitly
assuming more information than the input provides . It should have the
character of an estimation in a l imi ted information situation . Detailed
topographic information, the physical laws of fluid dynamics , general
empirical surface layer profiles, plus limi ted meteorological input data
consti tute the information to be used. The conventional approach of solving
a boundary value probl em requires assumptions of boundary values which are
not adequately provided by the Input information. In a situation of limited
information direct variational methods, which incorporate the physical

phenomenology but which do not require solution of a boundary value problem,

seem particularly appropriate. Both boundary and Interior values of wind

and temperature can be varied to optimize the fields consistent with the

constraints imposed by input data, physical laws, atmospheric stratification

and topographic structure. A variational model will not produce an exact

or unique solution , but rather a useful estimate conformable with the avail-

abl e information .

Terrain sheltering and channeling, wak~’s, and flow separation are

6 
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features of wind flow in rugged terrain. These phenomena originate from the
non—linear inertial character of the flow interacting with the terrain sur-
face. The non—linear advective terms of the equations of motion can be
dominant at the small scales considered. Therefore a computational procedure
based upon the momentum equation , including advective terms, is indicated .

The turbulent character of flows in the atmospheric boundary layer
poses a challenge which any physical model must confront. If the entire
atmospheric boundary layer is modeled the inclusion of turbulence and its
effect upon the flow is unavoidable. Near the surface, wi thin the “surface
l ayer”, however, vertical fluxes of fluid momentum carried by the turbulent
stresses are nearly constant. See, for example , LUMLEY and PANOFSKY (1964).
A computation restricted to the surface layer can therefore reasonably
neglect the momentum transfer of turbulent stresses. Moreover, there exist
experimentally derived empirical profiles of mean wind and temperature in
this layer, BUSINGER (1973), for steady conditions over flat terrain. These
profi les applied , either by modification or by assumption , to curved flows
in rugged terrain can provide vertica l resolution of the surface layer.

The selected computational method embodies the considerations above.
The method of direct variation based upon Gauss ’ Principle of least constraint
is equivalent to the momentum equation and incorporates both advective and
buoyancy accelerations. A direct variation of field quanti ties, consistent
wi th mass conservation and potential temperature advection , at both boundary
and interior points eliminates the need for prior specification of boundary
conditions . Gauss ’ Principle does not involve a time integration and is
therefore ideally suited to a steady-state estimate. Choice of a coordinate
system which follows the warped terrain surface permits maximum use of
detailed topographic information . Use of only the surface layer in the
computation, the most doubtfu l and restrictive feature; nevertheless simpli-
fies the equations, permits an essentially two-dimensional model with conse-
quent computational economies, and focuses attention on surface effects which
at these scales are the dominant wind field perturbations.

7 
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f We return to these points in the detailed discussion of the theoretical

f basis of the model , and its implementation to the surface layer.

• 11.3 THEORETICAL BASIS OF MODEL

11.3.1 Gauss’ Principle of Least Constraints

A modern discussion of Gauss ’ Principle of Least Constraints appears
in LANCZOS (1962) but applies only to systems of point particles. Long ago,
the relation of the principle of least constraints to fluid motion was con-
sidered by APPELL (1912) and GUILLAUME (1913). Since the principle as applied
to non—viscous incompressible fluids , the assumptions we use for the
atmosphere, is not well known; we review its details. First we demonstrate
that the pressure gradient in an incompressible fluid is a force of constraint
arising from the constraint of incompressibility .

O’Alembert’s principle of virtua l work for an incompressible perfect
fluid , SERRIN (1959), is written , - -

• 
+ 

~~ ) 
•6~ dV ft ~~~. d~ = 0 (11.1)

where o is the density, ~ is the acceleration, - is the acceleration of

gravity (the only external force considered), and t is a scalar stress In the

outward normal direction to the surface. The integrals are over a material

volume and its boundary surface. The principle requires that virtual dis-

pl acements ~ of a fluid particle obey the kinematical constraints which

here are boundary constraints and the incompressibility condition (mass

conservation) , V • = 0.

The incompressibility constraint is introduced by a Lagrange multiplier

— A . We add the expression,

8
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0 = - I ~ ~ dV = - JA~~ 
. d~ + JVX . d~ dV

to (11.1) and obtain,

+ ) + VA] • ~~~~ dV - ft  + A) ~ 
. d~ 0.

Since the variations d~ may now be considered unconstrained, there results:

* -p.pM -V X - pg a n d t = — A .

These are the familiar equations of motion for inviscid fluids provided the
pressure is identi fied as the Lagrange multiplier A. Thus the pressure
gradient in an incompressible fluid is a force of constraint necessary to
enforce the pure kinematical (not dynamical ) condition of incompressibility .

In words, Gauss ’ Principle of least constraint asserts that motion of
a mechanical system takes place in such a way as to minimize constraint forces
arising from kinematical conditions. For our non-viscous atmosphere its
mathematical statement can be written,

6f~(~~+~~)
2 dv~~ 6 f~~.d ~~= O  (11.2)

where the synbo~s retain their previous meanings . The indicated variation ,
5, of the integrals denotes a variation in which only accelerations, not
positions and velocities , are varied subject to the kinematical constraints.
The equivalence of this principle to the equation of motion, provided the
variations of acceleration are consistent with incompressibility , may again
be demonstrated by Lagrange multipliers . The total time derivative of the
divergence condition (a kinematical constraint) with a Lagrange mul tiplier
X is:

0 -fX& (V.~~)dV f(V .
~~ - v ~ v~1)dV

9 
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- - Addition of this expression to (11.2) followed by integration by parts of

• the term in V . ~ yields ,

• f [~~(~~÷~~)2 + V A  . +xv~ v~1] dV - f t+  A) ~~~• d~~= 0.

Varying the accelerations, but not the velocities , gives,

~~dV - /~~+ A) . 
~~~ = 

~~~.

The arbitrary variation 5~ implies the equations of motion,

p~~= - V X - p ~ andt= - X

where again the Lagrange mu l tiplier A is identified with the pressure.
Equation (11.2) has a positive quadratic term in the accelerations, so the
vanishing of its variation is the condition for a minimum . The minimum
of the “constraint” -- taken as the square of the difference between the
acceleration and the acceleration of external applied forces (4) --
characterizes a situation in which the equations of motion, as wel l as
kinematical constraints, are satisfied.

Customarily one uses variational principles to derive the equations
of motion, as done above. By contrast, the high resolution wind analysis
directly varies the constraint integral to seek its minimum . Both boundary
and internal values of flow quantities are varied subject to constraints --
mass conservation, surface geometry and boundary conditions , limited input
information. Since the principle does not involve a time integration it is
ideally suited to a diagnostic analysis. Pressure forces, the constraints
minimized , need never be considered explicitly. But the final wind estimate
which minimizes the constraint provides an estimated solution of both the
momentum equation and the equation of mass conservation.

10
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11.3. 2 Thermal Effects

In order to account for thermal effects an approximation of the
Boussinesq type is introduced. The effecti ve external acceleration is not
4, but the buoyancy acceleration - p1/pa where p’ is the departure of
the local density away from its ambient value p0. Likewise in place of
the external pressure, -t, the effective pressure is the dynamic pressure,
P’ , the departure away from the static equilibrium value. With these
approximations the principle of least constraint is written,

~f 
~~~~~

. 
~ 

+ L2. ]
~ dV + P’ ~ d~ = 0. (11.3)

To a good approximation the relative fluctuation in density may be
written,

p ,~~ - 
(T-T0) ~ _____

0 0

where T and 0 are absolute and potential temperatures respectively, and zero
subscripts denote ambient values. Consequently the buoyancy acceleration is
modeled by fluctuations of potential temperature away from an ambient value.
The ambient potential temperature in the surface layer is determined by
extrapolation of the upper air profile to the ground surface. Once established
the field of ambient potential temperature remains unchanged throughout the 

—

rest of the calculation .

Buoyancy forces are however neither constant nor accurately known as
a function of position, although they appear as external forces in the
dynamical principle of least constraints. In order to make the temperature
field, and buoyancy forces, advectively consistent with the wlndfield the
surface potential temperature, 0, is varied to reduce the value of the potential
temperature flux divergence, V . (a). This auxiliary variation does not seek
a .mlnimum , but only operates to reduce the advective Inconsistency of the

-
; 11
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temperature field. The potential temperature, rather than the temperature

itself , is chosen because it is the more conservati ve quanti ty.

11.3.3 Sumary of Basic Theory,

The basic theory of the wind analysis is embodied in the equations;

1. f  ~~~~ - 
_ _ _  ]2 dV + ~ d~ = 0. (11.4)

(Gauss’ Principle of Least Constraints with buoyancy and
surface dynamic pressure considered external forces.)

2. [V . (0)]2 dV -
~~ minimum . (11.5) 

3

(Potential temperature advection consistent with the wi ndfield)

These are not the basic model equations, however. Their appl ication to the
surface layer analysis requires further modifications as discussed below.

11.4 APPL”ATION TO A SINGLE SURFACE LAYER

The modeled volume consists of the vol ume between a user selected corn-
putational height (within the surface layer) and the terrain surface. This
single layer is of constant thickness in a direction normal to the terrain
surface and follows the warped surface of the ground . Appl ication of the

— basic theory to this layer requires: (1) A simplification of the basic three-
dimensional equations, (2) A special non-Euclidian terrain following coordi-

nate system, and (3) Estimates of wind and temperature profiles near the
ground.

11.4.1 Surface Parallel Simplification

The theoretical equation (11.4) contains in the surface integral the

12 
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pressure fluctuation P’ on the top surface of the modeled volume. The lower
surface of the modeled volume contributes nothing to this integral since the
no-slip condition at the ground , = 0 (a boundary contraint), forces the
acceleration to be zero there. The pressure fluctuation , P’, an external
force arising from atmospheric motion outside the modeled volume , unfortunately
cannot be accurately estimated in a model restricted to the surface layer.
There exists an open upper boundary of the modeled volume across which pressure
forces couple surface layer motion to the upper atmosphere.

In these circumstances the only modeling alternative is to discard the
surface integral on the open face. One effect of this integral , the hydro-
static pressure fluctuation due to density variation , can be retained. The
contribution of surface normal accelerations to the volume integral may be
combined with the surface integral i tself for a thin sublayer of thickness t~ .

The relevant terms are;

~ fi~o [A ~ + p ’ g ]
2 

dS + A~f 3P’ An dS

where the subscript n denotes a surface normal component and ~ is position

normal to the surface. The hydrostatic part of the normal pressure gradient

fluctuation is just the local density fluctuation : ~P’/~~ = -p ’g~. With
this substitution the two i ntegrals may be combined resulting in a single

- 
term,

~~f~ o [A ~ + (~~~~~
. g

~
)2] dS

In which cross products of surface normal acceleration and buoyancy do not

appear. Absence of the cross product means that surface normal buoyancy plays

no role in the variation and may be ignored. On the basis of this heuristic

argument in the place of equation (II~.4) we use as the basic variational
principle for the dynamic model of the surface layer,

13
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dV = (11.6)

where only surface parallel components of buoyancy enter. Multiplicative
constant factors are also dropped.

The justification for use of this basic model equation rests not only
upon the argument above, but also upon the more structured and, by qualitative
judgement, more realistic windfields which it produces. Inclusion of surface
normal acceleration, but not surface normal buoyancy, appears to be required
in order for the model to exhibit terrain sheltering and some effect of flow
separation.

Nevertheless the basic model equation is an approximati on which effects

• a de—coupling of the surface layer analysis from the remainder of the atmosphere.
Despite its use of all three acceleration components the model restricted to 

—

a single surface layer is essentially two—dimensional. The computational
simplicity thus gained is bought at the expense of a well-founded analysis of
vertical structure. In the course of this project several simplified attempts
were made to improve on this situation, all of which were unsuccessful in the
context of a surface layer model .

11.4.2. Warped Coordinate System - 

-

Equation (11.6) still impl ies a great deal of structure from the
adaptation of the wind field to the warped terrain surface. Near the
impenetrable terrain surface the wind velocity must be largely parallel to

the surface. To account accurately for convoluted terrain we employ a non-

orthogonal coordinate system in which coordinate directions and scales are

L
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determined by the terrain structure and vary with location . Figure 1. is
a diagram of the geometry.

Any position on the surface is given by the vector in Cartesian
coordinates,

~~= i x + j y + k h ( x ,y)

where h(x, y) is the surface elevation as a function of horizontal location.
Base vectors parallel and normal to the surface are obtained by taking
derivatives.

~ =~~~= i + k h1 ~x X parallel to surface
j + k h~ 

.th2~. unit vectors)

1 ~ unit vector normala3 = n = ~~ . (- i h
~ 

- j  hy + k) to surface.

Al phabetic x and y st’bscripts denote partial derivatives , i.e., h
~ 

=

and uni t vectors are distinguished by a caret, i.e., a3. The quantity a is
defined as: a = 1 + h~ + h~.

It is useful also to define the system of reciprocal base vectors
denoted by a superscript.

= (
~Z

x
~~3
) / 

~ l (
~2

X
~~3

)]
~~~ 

Ci (1 + h
~
)_i hx hy + k h x]

~2 (
~3

x
~~l
) / 

~ l (
~2

x
~~3

)]
~~~ 

(_l hx hy + J (1 + h ~) + k h ]

A3 
~~ .4 -p. A

a = (a 1 x a2) / [a 1 • (a2 x a3)] a3
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Figure 1. The Terrain Following Coordinate System
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The reciprocal vector a3 is a unit vector normal to the surface and
is Identical with a3 = n. The reciprocal vectors ~~and ~

2 are parallel to
the surface, but disti nct from and The system of reciprocal vectors
facilitates operations with scalar products since ,

= c5~ r,s = 1 ,2,3

where ~~ = 1 if s = r and S~ = 0 otherwise. Either system of base vectors
supplies a linearly independent basis for the representation of an arbitrary

vector, ~~~.

C~ contravariant components CS = .

= C1 ~~2 covariant components C5 =

= C1 C
’ scalar product

We use the sum convention for repeated indices if they are i , j, k. The

indices r or s are not sumed. -.

We express a surface layer wind velocity in terms of its contravarlant

components ( v1 , v2, v3).

~ l~~ 2~ 
3 A

v = v a1 + v a2 + v a 3

The component V
1 is not the component of wind velocity along the surface in

the 
~l 

direction , since ~ is not a unit vector. The component v ’ is, In

fact, the projection of v1~ 1 in the horizontal plane . The component v3, however ,
is the surface normal velocity component, since a3 is a unit vector.

17 
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The warped coordinate system is defined at all locations where the
horizontal derivatives of terrain elevation are defined. The formulas

• above are systematically used to express the model equations (11.5) and
- 

(11.6) in the warped coordinate system, thereby building in the geometric
properties of the terrain surface. Further details are given in Appendix B.

11.4.3 Use of Empirical Surface Layer Profiles

Accurate calculation of the integrands of the model equations requires
use of surface normal profiles of temperature and velocity in the surface
l ayer. The model assumes that the empirical , stability dependent profiles of
BUSINGER (1973) valid over level terrain may still be applied locally in the
surface normal direction at the resolution of the model even for rough terrain.
To account approximately for flow curvature in rough terrain, the analogy of
BRADSHAW (1969) between buoyancy and streamline curvature is used to estimate
the effects of flow curvature upon stability . The empirical profiles require
values at two levels for their specification , but the surface layer analysis
carries temperature and velocity at only one level . Therefore an approximate
bulk Richardson number determined from flow curvature and surface layer
buoyancy is used to determine an approximate power law wind profile and a
linear temperature profile in the surface layer. The model profiles to be
determined for wind and temperature respectively are,

u(z) = b (z/z )fl

(11.7)
dO~0~ZJ — °c + au/c 

z
~
z
~

where is the surface roughness length. The subscript, c, denotes values
at the top of the computational layer of thickness, z~. The coefflcient and

18
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exponent of the wind profile are determined by matching the logari thmic
derivative and value of the wind speed at z

~ 
to the empirical wind profile.

The vertical derivati ve of temperature is obtained by forcing an approximate
equality between the gradient and bulk Richardson numbers in the surface
layer.

We assume that gradient and bulk Richardson numbers are approximately
equal ,

Rit g(de/dz) / = (11.8)

where all quantities are evaluated at the top of the computational layer.
Variables carried in the analysis permit computation of the bulk Richardson
number. This Richardson number is modified by adding to it an analog of the
gradient Richardson number for curved flows. BRADSHAW (1969) gives this
analog as,

Ri
~~ 

= 2 S(l + S) where S = (u/r) / (du/dr)

and r is the radius of streaml ine curvature (positive for curvature convex
upward). Using the assumed power law profile and the average surface normal
acceleration A~ in the layer, and assuming A~ is purely centripetal , S can
be approximated.

2
U
c 

-

Addition of this term to the thermal Richardson number provides a stability
measure accounting for flow curvature.

Ri .R1t + R j~
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The surface normal acceleration enters the mode! not only directly in the
basic variational equation (11.6) but also indirectly through its effect
upon the stability dependent profiles.

The empirical wind shear and wind profil~s of BUSINGER (1973) are:

kz du 0m = (l-15~~
4; U = 1 (ln~—— ~ ); ~ <0 , RI < 0

u~~ai u~ k ~o

kz du = (1 + 4.7~); U = 1 (ln ~~
. +- 4.7~); ~ >0, Ri > 0

u~~ ai ~ 
-

~~~

where ~ = z/L, the height scaled by the Obukhov length. The function *~ 
is,

= 2 ln [ (l+x)/2 ] + ln [ (l+x 2)/2 ] -2 tan~ (x+n/2)

where x = (1 - l5~Y~
”4.

We evaluate the function at the layer top according to the value
of the Ri chardson number in the range , -5.0 < RI < 0.25. If Ri is less than
the lower limit , it is set equal to the lower limit , —5.0.

= (l-l2Ri )~~; Ri < 0.0

= (1-3Ri )~~; 0.0 < Ri < 0.03571

= 0.88 (l-6RiY
1 ; 0.03571 < RI < 0.1246

= 1.75 (1-4Ri )~~; 0.1246 < RI < 0.25

Matching the logarithmic derivative between the empirical profiles and the
assumed power law profiles provides the value of the exponent in the power
law profile,

~~~ m ’ (ln f- ~ ~ 

0 
(11.9)
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The power law exponent falls in the range 0 < n < 1. The constant b is
determined by the wind speed at the layer top, which is the field quantity
carried by the calculation.

Knowing the wind profile the approximate equality of equation (11.8)
may be solved for the temperature gradient.

2(0~,—e) n
2 / [z(2—n2)] (11.10)

This procedure produces a temperature gradient consistent with the Richardson
number used to obtain the wind profiles .

In the case of a Richardson number exceeding 0.25, stable laminar
flow, the empirical profiles are not valid. We assume in this case n 1
(linear wind profile) and the temperature gradient given by (11.10).

11.5 RELAXATION FOR MINIMUM CONSTRAINT

An essential part of the surface wind analysis is the method of
direct relaxation used to obtain the minimum constraint. The basic model

equations are;

f 2
~ 

C~~ 
- 

~~ ~~ i 
~ ] 

dV = minimum

[ 

(11.11)

dV + minimum

where the integrals are over the volume of the modeled layer. For the steady
state model ~ intludes only the time-independent advective acceleration.
The modeled volume is divided into boxes of surface normal thickness z~ whose
horizontal profile is square although the boxes are warped with the terrain
surface. The contribution of each of these flux boxes, so called because the
Integrands are expressed in flux form, to the total volume integrals is computed

21



by the algorithms of Appendix B. The total constraint integral can be ex-
pressed as a sum over all flux boxes In the modeled area.

R1 =~Z~
Each of the Ru is a function only of surface parallel velocities on its
faces. (The surface normal velocity is determined by the divergence
condition, V • ~~, the no—sl ip condition at the ground, and the normal profiles
of surface parallel wind).

We associate an R1~ with each grid point at which the velocity is
defined. The Ri3 is the average of the R1~ ’s of the two overlapping flux
boxes upwind of the grid point, which both contain the velocity point on one
face. For variational purposes we consider this R a function only of the
-vel ocities ~~~ v~~) at the grid point (i, j). At boundary and corner grid
points upwind flux boxes are not always possible, so we use contiguous ones.
Denoting the two velocity components at each grid point by the Index k 1 , 2;
the unit vector of global steepest descent in the mul ti-dimensional velocity
space to decrease the constraint is written as:

fl~j = 
_ (
~Rjj/~v~~) / ~ 

(aR 1j/av~j)2]

Each relaxation sweep over the entire grid computes a velocity correction
proportional to the steepest descent vector. The constant of proportionality
is chosen to fix the root mean square correction at a selected fraction of
the initial approximate wind velocity -- a convenient velocity scale. Under-
relaxation is required for stability. An appropriate fraction is 0.03 or
0.05. The velocity corrections generated at each relaxation sweep are;

0.03v0 JNXM n~
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where v0 is the m it.. - constant wind speed and N and M are the grid dimensions.
All velocity corrections are applied simultaneously at the conclusion of the
sweep over all grid points. This relaxation procedure apportions larger
corrections to regions of the grid where the constraint integral is most
sensitive to changes In the velocity field.

Thern numerical analysis calculates the total constraint RT at each
relaxation sweep and saves the windfield of the minimum value achieved . A
minimum is usually reached in a number 0f relaxation steps roughly equal to
the linear grid size. Subsequent to the minimum the constraint exhibits
irregular smali amplitude fluctuations.

The relaxation of the velocity field considers the temperature field
fixed . However, each relaxation step also adjusts the temperature field
independently by use of the second of the basic model equations above.
Consequently each relaxation sweep yields altered temperature and velocity
fields. The relaxation of the temperature flux integral is directly
analogous with the constraint relaxation described above but simpler since
only a scalar quantity, 9, is Involved. A root mean square temperature
correction of 0.1K is used to scale the temperature adjustments. No
minimum of the temperature flux integral is sought. Instead temperature
corrections are simply made at each relaxation sweep to continually try to
reduce the temperature flux integral.

23 
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11.6 GENERAL REMARKS

• As discussed in the beginning of the section, Gauss ’ Principle of
Least Constraints potentially offers a soluti on to many of the problems as-

• sociated with a high-resolution diagnosti c analysis of surface layer winds.
It provides a variational principle, independent of time, which incorporates both
the momentum and mass continuity equations of fluid mechanics. An essentially
steady-state diagnostic analysis is often performed in meteorological applica-.
tions by a direct application of time dependent equations of motion. Starting
froir an assumed initial state the system is advanced in time unti l some state
is r ’ached in which further changes in time become small. This state whose
selection requires subjective judgment is deemed a “balanced” steady dynamic
state. In contrast to this procedure in which the equation of motion is obeyed
at all stages of the calculation the variational method searches for a state
which satisfies the equation of motion. In the case of a variation based upon
Gauss ’ Principle of Least Constraints the equations of motion are obeyed only
in the final state which minimizes the constraint and then only to the degree
of approximation permitted by the model algorithms . The selection criterion is
no longer subjective, however, but Is the objective attainment of a state of
minimum constraint.

Since far from the constraint minimum the momentum equation is not
satisfied there is no intrinsic reason why mass conservation need be enforced
either. However, variations of acceleration near the constraint minimum must
satisfy mass conservation , and the use of this principle at all stages
in the variational relaxation is convenient to reduce the degrees of freedom
in the variati on. Mass conservation plus the velocity zero at the surface
enables surface.norinal velocities to always be expressed in terms of surface
parallel velocities. Thus the surface parallel velocities alone are the
independent variables whose variations operating through the advective accelerati on
minimize the constraint.
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Although the surface l ayer wind analysis employs the temperature field

to estimate buoyancy forces, the emphasis of the model is upon dynamic rather
than thermodynamic effects. Even within the limitations imposed by the surface
layer approximation the dynamic constraint is handled in more detail than the
thermodynamic energy equation, which only appears in reduced form as the potential
temperature flux. Situations dominated by inertial effects - high winds, rough
topography, and fine resolution - are probably better represented than situations
dominated by diabatic heating. Improvements in this latter area could perhaps
be achieved by accounting more accurately for sources and sinks of thermal
energy, carrying both temperatures and wind velocities at two levels in order
to fully exploit the empirical surface layer profiles (see Section 11.4.3), or
developing a variational principle based primarily upon the energy equation instead of
the momentum equa tion.

An implicit assumption of the surface layer analysis, nowhere else
mentioned, is the neglect of all effects of water and air moisture. No evapora-
tion or condensation is considered.

A fundamental theoretical difficulty wi th an analysis restricted to
the surface layer alone is the pressure boundary condition on the top face of
the modeled volume. This probl em is present in all dynamic models, even
multi-layer ones, which include only a portion of the atmosphere. Models which
only enforce flow continuity still need an upper boundary condition though not

on the pressure. The surface layer analysis simply neglects the relevant term,

a procedure which may be justified a posteriori by the results achieved . Al though
a model with more vertical structure (or l ayers) would likely be superior ,

assumptions would still be required at the top of the modeled volume . There
may exist an optimum compromise which includes enough vertical structure but
which does not make inordinate demands upon computational time and memory.
The present single layer surface model wi th rather detailed vertical resolution
Is a reasonable first attempt at the optimum.
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III .  ANALYSIS OF METEOROLOGICAL DATA

This section describes- the theory of the analysis required to extract
from EPAMS resident meteorological data the Input parameters required by the
high-resolution surface layer wi nd analysis. In the absence of real-time
spot measurements in the simulation area the quantities required are: (1)
A background, uniform general wind estimate for the simulati on area. This
somewhat hypothetical wi nd takes no account of detailed topography or thermal
structure but provides the initial field to be relaxed by the surface layer
analysis; (2) An estimate of surface air temperature fields over the simula—
tion site, which together with; (3) An estimate of vertical temperature
profiles; provides starting estimates of surface air temperature fields and
buoyancy forces.

Figure 2 displays ~e types of data available in the EPAMS Data
Base. These data always contain surface observations and sounding observa-
tions . In addition the data base of the Southwestern U.S. contains USAF
GWC hourly fine—mesh predictions and may contain output from the Atmospheric
Sciences Laboratory mesoscale layer model . The European data base contains
neither GWC predictions nor mesoscale model output. Figure 2 also Indicates
other potential data sources; direct user input of parameters required by the
surface analysis and local observations wi thin the simulation area, which are
presently not available.

The data analysis requirements pose a very difficult problem . The
available data are typically from sites up to 200 kms away from the simula-
tion site with high intervening ridges, and up to 12 hours previous to simu-
lation time. Errors of driving parameters can remove all validity of the
surface layer analysis. A reliabl e meso—scale model is clearly required to
bridge the gap in scale between the data resolution and the su~a1l area of
the surface layer model . Construction and use of a mesoscale model is outside
the scope of this project. The EPAMS system, we note, does however provide
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Data Types ‘— ~~~~

User Input (Specifi ed) 1 1 1
Local Obs. (MESNET)* 2 2 2
Mesoscale Model (ME SM0D)~ 3
Soundings (MRC1JA) 2 3 4
GWC Predictions (MRCGWC )~ 2 3 4
Surface Obs. (MRCS FC) 3 4
Data Insufficient 3 4 5
(Request User Input)

*Not Available at Present
+Not Available in European Data Base

FIgure 2. EPAMS Data and Data Use Priori ties
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for a ,nesoscale model which could be used as a routine driver for the surface
layer analysis. In these circumstances we cope with the data analysis problem
by: 1) providing a mechanism whereby surface analysis driving parameters may
be directly entered by the user at execution time, 2) preferentially using
mesoniodel output when it is available and timely, or 3) generating the best
estimate possible , short of using a mesoscale model , on the basis of the
available data.

The numbers in the chart of Figure 2 represent the priorities of use
of each of the specified data types to provide the specified output required
for the surface layer analysis. Equal priorities appearing In the same column
denote the several data types which may be conjunctively required at that prior-
ity level to generate the information which labels the column. Insufficient data,
or failure to find suitabl data , results in a data analysis failure , the only
remedy for which is user suppl ied input. With user supplied input , an option
permits a wind analysis in which no use is made of temperature data, although
dumy data must be supplied. Failure of the data analysis to generate a surface
background wind will prevent execution of the wind analysis. A climatological
default for this fundamental and highly vari able quantity is not justified.

The following paragraphs describe the theoretical basis of the
analysis of ASL mesomodel data, sounding observations and numerical pre-
diction data, and surface stati on data to obtain driving parameters of the
surface layer analysis. The somewhat involved software logic required to

implement the data analysis is descri bed in Section IV and V.

111.1 ANALYSIS OF MESOMODEL DATA

The ASL Mesoscale Model is a diagnostic analysis based upon the -:
varia*ional adjustment of the flow in a layer adjacent to the ground. The
layer is identified by an objective analysis of sounding observations at
several localities , and the results are first objectively interpolated over
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the computation grid.. The interpolated values provide the initial fields
for a variational adjustment based upon conservation of mass , momentum, and
flux of tota l energy in the layer. Figure 3 is a definition sketch of the

• model geometry. The model uses a dimensionless varable, a, for vertical
position in the layer, defined by,

o< a < l ,

and model output consists of seven (7) fields, all given in mks units :

1. H ( the height of layer top, MSL)

rl
2. <u ’> = D J pu(a)d a (x momentum flux)

0

3. cv ’> = 0 
J pv(a)da (y momentum flux)

1
4. <u ’f 1> 0 J pau(a)da (vertically weighted x momentum

0 flux)

~15. <v ’Il> 0 J pav(a)da (verti cally weighted y momentum
0 flux).

6. <u ’E> • D 
J
E(a)u(a)da (x energy flux)

4 7. <v ’E> DJ E(a)u(a)do (y energy flux)
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These data contain no direct information of wind and temperature
profIles, only integrals of these quantities through the layer. No tempera-
ture information is obtained from the mesomodel output. The data analysis
extracts an estimate of surface wind using only the first five (5) fields
(energy fluxes are not used), plus the terrain elevations of the mesoscale
grid.

The analysis applies some results of asymptotic matching of surface
layer and outer layer profiles derived from the similari ty theory of neutral
barotropic boundary layers, BLACKADAR and TENNEKES (1968). According to
these, in the outer part of the boundary layer the velocity profile is ,

V—V
= F  (

~
) .

~~
.

u* y zo

U—U r =  zfg F~ (c ) — finite
U* 

U.,

where u, is the surface friction velocity , subscript g denotes geostrophic
winds at the top of the boundary layer, f is the Coriolis parameter, z0 is
surface roughness length , and z is vertical height measured from the ground
surface. The coordinate system is one in which the x di rection is the direc-
tion of the surface wi nd (or equivalently, uk). The functions F

~
, F~ of the

dimensionless height , ç, are the velocity defects.

On the other hand , similarity theory gives for the profile in the
surface layer,

V
~~
. fini te.

10

I L ,f ( ! )U., X Zo U.,

onç form of which is the logarithmic law.
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• The data analys is assumes that layer height of the mesoscale model
is the boundary layer height. Convenient functional forms of the similarity

• laws are assumed which can match surface and outer l ayer profiles , and also
the upper and lower boundary conditions . Specifically we assume ,

= ln  ~ + B
u* - ou ter layer

= A (1—c 2/c~)u~

= i n  (
~

) surface l ayer (111.1)
z ~ 0.1 0

= 0u*

where k is the von K~rm~n constant , and 0 is the l ayer thickness. The re-
quirement that wi nds be geostrophic at the top of the boundary l ayer yields :

1 ln (~~~.)

0.1 ~ z/D < 1 outer l ayer (11.2)

= A 1- z2/D2)
u~ k

Matching of the surface and outer profiles at some arbitrary point near the
top of the surface layer ( z/D 0.1 ) gives the additional relations:

U = ~* in  ( 
~~
. 
)

p 
9 Z0

(111.3)

V g~~ _ A U
*-V
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Using Equation (111.3) the profile relations of Eq. (IIL1) and (111.2) may
be inserted into the definitions of the mesomodel output quantiti es. Per-
formance of the integration gives formulas for the mesoscale output quanti-
ties- in terms of the similarity parameters. As an example consider <u>.

= 0 J pu( a)d a
0

D u~ ln (a 0) da + m a  + ~~ ln(~~) da

The lower limit of integration is zero, instead of z0/D , which
introduces a very small error of order z0fD. Partitioning of the integral
into two parts given by the surface and outer layer profiles proves unneces-
sary since the integrands are the same (a result of the asymptotic matching).
If one further assumes that density can be considered independent Of height
the result of this and similar integrations are the following formulas:

<u>~~~~~ [ln (~~ )-1)

= -Dpu’~A

<ui i> 2
~ !.tln( ~~)~~1 ]

<v i i> = - 
DpAU*

These formulas, giving scaling parameters in terms of mesomodel output
quantities, are still not in quite the correct form since they refer to a
coordinate system aligned with the surface wind . Mesoscale output quantities
are components in two perpendicular directions (x, y) which are rotated 45
degrees wi th respect to geographical north and east directions . The definition
sketch of Figure 4 shows the coordinate rotation required . Relations of
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similarity parameters to mesomodel output are then obtained.: f ln (~~) -l 3 = <u ’ > cos® + <v ’> sin®

- 
Dpu*A = - <~~~> ~ i® + <u ’ > ~~~~~

~~ [ in (~~) 
— 1 :i = <u ’I 1> cosO + <v ’I l> sin®

- 
DpAu * = - <u ’Il> sin® + <v ’I 1> cosO

Knowing the l ayer thickness , 0, and the roughness length , z0, this
set of equations is solvable for the four quantities , u*/k, A , sin® , cos® .

Consistent with the assumption of a neutral , barotropic boundary layer
(the only assumption possible with the given data) the surface l ayer wi nd
field is then determined by,

(z
U — — c  ln~~— j cosO

I’

v = in ( •
~
. ) sin®k

where z is the user selected computation height. These components , oriented
in the coordinate system of the mesoscale model , are then resolved into
geographical east and north components. - 

- -

These theoretical formulas are implemented in the program segment
MESVAR to obtain an estimate of surface background wind from the mesomode!
output data obtained by the program segment MESMOD.

111.2 SPATIAL AND TEMPORAL EXTRAP’)LATION OF UPPER AIR AND NUMERICAL
PREDICTIO N DATA

Upper air profiles derived from Rawinsonde observations are availabl e

1 
__________ 
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in the data base at station locations distributed throughout the southwestern
U.S. The spatial density of these observations is low. The closest observa—
tion may be of the order of 100 km away from the site of applicati on of the
microscale terrain wind model . Also, the observation times may be as much as
12 hours previous to the simulation time. In addition, the data base contains
rough profiles of upper air quanti ties generated by the USAF Global Weather
Central “fine-mesh” numerical predictions. These quantities are located on a
grid of approximately 150 km, and are available at hourly time intervals.
(Predictions extend for 18 hours beginning at the analysis times of OOZ and
l2Z. In real time operation the first six hours of each prediction sequence
would be unavailable.) This section describes the analysis procedure used to

~spatially interpolate and update these profiles in order to obtain estimates of
potential temperature profiles and , where required by the wind estimate, standard
pressure heights and their gradients at the simulation site. Presently the
analysis is designed to interpolate the standard pressure heights (850, 700, and
500 nib only) and the potential temperatures at these heights. Winds at these
standard pressure levels could also be interpolated .

In the following we describe the analysis of the southwest U.S. upper
air data. Analysis of the European data base employs the same general methods,
with some differences which are explained at the end of the section.

The basic procedure operates by the establishment of planes for linear
interpolation. As an example consider the 700 nib pressure height. At a
given time, t1, this pressure height can be approximated over the local region
near the simulation site by a plane ,

zuA,loo(tl) a
~
(t 1) + bu(ti )x + cu(tm )y

where the coefficients depend upon the type of data and the time. Let us
further assume that this plane interpolates upper air observations at time t1.
The coefficients are found from pressure heights at the station locations.
The data search finds the four (4) or less closest stations within a fixed
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distance of the simulation site . If three (3) stations are present the coeffi-
• cients are exactly determined. If four (4) stations are found the coefficients

are over determined, a case handled by determining the best least squares fit
* of a plane to the four (4) data points . The case of only one (1) or two (2)

stations requires supplementary information provided by the GWC data. The GWC
prediction data at the four (4) closest grid points to the simulation site (or
as sometimes occurs, only three) at the same time, t1, also determines a plane
interpolating the GWC 700 mb height.

ZGWC 700 = aG (t1) + bG (t1.)x + CG (t1 )y

In the case of only one (1) upper air observation the slopes of the
700 mb pressure height provided by the GWC plane are used, i.e.;

b
~
(ti ) = bG(tl )

c
~
(tm ) = cG(tl ).

while the constant a
~
(ti ) is provided by the sing le upper air observation.

Two (2) upper air observations suffice to determine the intersection
of the interpolati ve plane with a vertical plane through the two stations.
The slope of the interpolative plane normal to this intersection is established
by using the slope in this direction of the GWC plane. Computationally the
case of two (2) upper air observations is more complex than the others, but
follows from standard analytical geometry.

The foregoing example illustrates the establishment of an interpolative
plane for one i tem of upper air data , 700 nib height , from which the 700 nib
height , and its slope , may be determined at time t1, the time of the station
observations, at any point in a local region. Real data , the ãbservations,
are used to the maximum extent possible; but the presumably lower grade GWC

• predidtions are Incorporated if observational data is incomplete . Note that
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only slopes, not magnitudes, of GWC interpolative pl anes are introduced. Pro-
vided a single upper air observati on is present, the interpolative planes are
norm al ized with it. GWC data is used to establish only spatial trends (i.e.,
slopes) which cannot be determined otherwise. Of course, if observational
data -is entirely absent, the GWC prediction data is used alone as a default.

If the time selected for the simu l ation coincides closely enough (<1
hr.) with the time of upper air observations , the procedure illustrated above
is applied to establish interpolative planes of upper air quantities . If, as
is usually the case, the upper air observations are one hour or more old relative
to simulation time and GWC predictions are available , GWC data are used to estab-
lish updated extrapolative pl anes of upper air data. Suppose the most recent ob-
servation time Is t1 and the simulation time is t2, where t2-t, ~..l hr. Again ,
take the 700 nib pressure height as an example. The GWC data provide interpolati ve
planes at each of two times.

ZG,700 (t1 ) = aG(tl ) + bG(tl ) x + cG(tl )y

ZG,700 (t2) = aG(t2) + bG(t2) x + c~(t2)y
•

The spatial interpolation of the temporal trend of z700 in the GWC predictions
is given by the difference of these equations .

~
ZG,7OO = [aG(t2) - aG(tl )] + [bG(t2) - bG(tl)] x

+ (CG(t2) - cG(tl )] y

The available upper air observations are updated by adding the GWC trend for
the time interval , evaluated at the locati on of the observation site, (x1, y1 ) .

zi ,u,7oo(t 2) = a1 1u ,ioo(t1 ) + 
~
ZG,7OO(x i, yj)

The updated observations are then used to establish Interpolation planes of
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upper air observations valid at simulation time. Depending upon the number
of observation stations GWC predictions may still be required, as above, to

• completely establish the interpolation planes.

* The analysis of upper air profiles is founded upon the philosophy of
using real data, if available , in conjunction with spatial and temporal trends
derived from GWC numerical predictions. Al though absolute magnitudes of GWC
predictions may be inaccurate , these numerical predictions take large scale
synoptic changes into account. Spatial and temporal trends, but not magnitudes,
are the information contained wi thin the GWC data which is deemed most valuable. —

Our analysis incorporates these notions in a simple, straightforward manner ,
but by no means exhausts the possible analysis techniques.

The theoretical approach sketched here Is implemented in the data ana-
lysis program to provide upper air profiles at simulation time of pressure
heights and potential temperatures not only at the simulati on site i tself, but
also at surface station locations. The profiles at surface station locations ,
as described in another section, are central for interpretation of surface
observations to provide input parameters of surface temperature and general
wind to the microscale model . One computational aspect of the establishment
of interpolation planes is of interest. Since the locations of upper air
observing stations, or GWC grid points , do not change; computational economy
is achieved by constructing the planes from linear combinations of “basis ”
planes . A basis plane (or linear function) is associated with each data loca-
tion and has.unit value at that location . Its value at the other station loca-
tions is zero. In the case of overdetermined planes (4 data locations) the
values are as close to one and zero as a least squares fit permits. Denoting
the basis function associated with each data location , 1 , by l 1 (x, y) the
interpolation plane is given by,

N
z(x ,y) = ~ z1 l

~ 
(x,y)

i•l

where z 1 is the value of the interpolated quanti ty at each of the N data

locations.
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The European data base contains no numerical predictions , so an alterna-
tive procedure is provided to establish interpolative pl anes of upper air data
at simulation time. By setting a flag, these planes can be determined by linear
Interpolation in time between spatial extrapolative pl anes of upper air data at
two times, past and futi.tre, which bracket the simulation time. This flag needs
to be set for the analysis of the European data, or any other case in which
numerical prediction data is missing. If the flag is not set and predictive
data are not acquired , upper air data less than 3 hours prior to simulation are
used as a last resort. If the only upper air data available are older than 3
hours, no simulation time interpolative planes of upper air data are generated.

The updated planes for the spatial extrapolation of upper air data are
established by the program segment PROFLS.

111.3 ANALYSIS OF SURFACE STATION DATA

The observational data from surface stations, although they may be
located up to 100 km away from the simulation site, is still of importance
in determining input parameters to the local surface wind analysis. Their
primary value is timeliness. The date base contains in some cases hourly
observations, and observations taken less than three (3) hours previous to •

simulation time at stations wi thin 100 km of the simulation site are generally
available.

The general data analysis may use the surface data for two purposes.
It is the sole source of current surface air temperature Information. Surface
wind observations may also be used to calibrate and normalize an estimate of
simulation site wind derived via the geostrophic approximation.

The analysis of surface temperature data makes the basic assumption
that AQ, the surface heating at the observation sites, Is representative of
the surface heating at the simulation site as well. At each surface station
location the potential temperature profile, derived from the upper air data
analysis, is extrapolated to ground level to obtain a “background” surface
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potential temperature, 00. The “actua l ” surface potential temperature 0~
is computed from the reported surface temperature T~ and the pressure given

• by an extrapolation to ground level of the pressure height profiles. From
the definition of potential temperature and the thermodynamic TdS equation
—— assuming heating occurs at constant pressure —— the heat change at the
surface station relative to the “background” temperature is:

= T~(o~—e~,)
p 00

This quantity averaged over the surface stations is taken to represent surface
air heating at the simulation site relative to the background temperature
obtained by extrapolation to the surface of upper air profiles.

The potential temperature estimate at each grid point In the simulation
area is obtained by solving the above formula for

= 00 + (~
®
~~)

R/C
p<~~>

where < > represents the average of surface observations, and the zero sub—
scripts now denote extrapolations to ground level of upper air profiles at
points in the simulation area . In obtaining this formula the approximation ,

(P )  
R/C~

is employed. The field of surface potential temperature, thus established ,
exhibits structure dependent upon terrain height variations within the simula-
tion zone.

Use of the surface station wind data first requires a computation of
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the surface geostrophic wind at each site. In sigma coordinates the surface
geostrophic wind (a 1) is given by,

O . . . (g Vz 5 + R T ~V 1nP 5 ) _ f k x ~~9

where the subscript , s, ret~rs to surface values , k is a vertical unit vector,
and z is terrain height. Other symbols have their usual meteorological

meaning. DANARD (1977) shows that a simpl i fication of the expression In
parentheses consistent wi th the assumption of linear vertical variation of
pressure force is given by:

g V z 5 +RT~~V lnP5 9V ~ z85 -~~~~~ (z 85 - z5)

where,
n = g V ~~lnT 85.

The subscript, 85, refers to the 850 mb level , but for elevated terrain the •

first standard pressure level above the terrain surface may be used equally
well. The horizontal gradients at constant pressure level s and the level

~~1ghts themselves are given directly by the interpolation planes of 
upper

air data. These formulas permit calculation of the surface geostrophic wind
at each surface station location.

The somewhat fictitious surface geostrophic wind does not account for
advective, frictional , diffusive, and time dependent effects. Consequently
measured surface winds vary widely from it. However its dependence solely
upon upper air conditions and terrain heights renders the geostrophic wind
the best vehicle, short of a mesoscale model , to carry the extrapolatlon/ inter-
polation of surface measurements to the simulation site. We use it for this
purpose .

—I
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At each surface station the difference, both in direction and magnitude,
between the measured wind and the geostrophic wind is computed. Then a test is
made of the statistical scatter of these differences and the magnitude of their
averages. If the criteria of the test are satisfied , the average value of the
differences is applied to the geostrophic wind at the simulation site to obtain
an estimate of the surface level general background wind there. Establishment
of reliable criteria for these tests will require some exercise with the data
bases. Presently reasonable, but generous, criteria are used; i.e., direc-
tional relative variance < 50%, and magnitude relative variance < 50%. If the
criteria are not met, and failing other information , the magnitude and direction
of the wind at the closest surface station is used as a default.

The general wind estimate produced by this analysis technique cannot
reflect l ocal topographic infl uence upon the wind field (except the effect of
surface elevation), but the l ocal surface analysis routine itself may yield
these. Frictional effects and modifications of the surface wind field attri-
butable to boundary layer thickness and stability are assumed to be similar
at both the surface stations and the simulation site.

A more elaborate data analysis procedure was considered , one using the
boundary layer parameterizations based upon general similari ty theory as
given by ARVA (1977). These parameterizations employ both the boundary layer
height and the Obukhov stability length as well as the friction velocity and
the geostrophic wind. The surface station data together with the upper air
profiles in principle contain enough information to determine the required
parameters. But the problem of spatially extrapolating the boundary l ayer
height still remains. Consequently the more elaborate , and physically more
satisfying, data analysis procedure was discarded in favor of the empirical
procedure described above.

The analysis of surface station data is imp lemented In two program
segments. The routine SRFTMP uses surface data to estimate surface heating
at the simulation site, and the routine UAVAR performs the calculations
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- required for estimating the general background wi nd at the simulation site
via the geostrophic extrapolation.
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IV. GENERAL PROGRAM STRUCTURE
I

The block diagram of Figure 5 displays the overall structural logic
of the numerical analysis program to integrate the high resolution wind ama—
lysis as a part of EPAMS. Segmentation of major program elements and levels
is indicated . XECAMS, the overall executive , determines that an analysis
rou ti ne is to be run , and passes control to ANALYZ. The supervisor ANALYZ ,

on the basis of flags received from the executive , determines which particular
analysis is required , and in this case passes control to WNDMGR (Wind Manager)
which controls all functions required for the surface l ayer wind analysis.
Subordinate to WNOMGR are the major program segments TERACQ (Terrain Acquisi-
tion), DTBMGR (Data Base Manager), DATANL (Data Analysis), DRIVRS (Driving
Parameters), and WINDEX (Wind Extrapolation). The major routines are executed
sequentially as specified by control flags supplied by namelist i nput. The
general functions of each of these routines is as follows :

WNDMGR acquires directory information from the micro terrain and wind
files , reads input specific to the wind model , assigns default values , computes
Julian times, and updates the micro wind directory upon successful execution
of the calculation. As the overall manager , it calls and monitors the major
subordinate program elements.

TERACQ obtains the pre-processed micro terrain elevation and surface
roughness data fields for the area closest to or at the user specified Ulil

coordinate location of the local simulation . If no terrain data sufficiently

close to the simulation location exists , a message is printed and execution of
WINDEX is suppressed.

DTBMGR scans the files of meteorological data in the EPAMS data base
and extracts relevant data. Any combination of data types or none at all,
depending upon user set flags, can be extracted.
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DATANL uses the selected data obtained by DTBMGR to generate the
meteorological parameters required to drive the surface layer analysis. These
parameters; background wind at the local simulation area, a vertical profile
of potential temperature and an estimate of surface heating ; are obtained by
use of the analysis described in Section III. Owing to the varying types,
relevance , and availabili ty of meteorological data in the data base, this
program segment exhibits some logical complexity based upon priorities of
data usage or user specified options . It also permits direct user input of
drivin g parameters in lieu of driving parameters computed from the data base.

DRIVRS compares the driving parameters determined by DATANL with
driving parameters used to generate previous high resolution wind analyses
over the same terrain block. If the driving parameters nearly match those
used to generate windfie lds archived in the microwind file , an informative
message to that effect is printed and execution of WINDEX is suppressed.

WINOEX is the program segment which produces the final high-resolution
surface wind field. This segment performs the core of the numerical surface
layer analysis by a relaxational adjustment of wind and temperature fields
as described in Section II. At the conclusion of the relaxation WINDEX out-

puts the estimated high resolution wind and temperature fields to the micro-
wi nd files of the EPAMS data base.

Di rectly below the EPAMS executive in Figure 5 is shown a PLTPRG
(Plot Program) segment. This independent utility program is executed
separately from the other program structure to provide plots of terrain
elevation in the simulation area or wind and temperature fields generated
by the high resolution wind analysis.

Another independent utility program TERPRO (Terrair~ Processor), which
Is not shown In Figure 5, has been constructed to produce suitabl e blocks of
micro terrain data for use by the surface layer analysis from UTM topographic
data tapes.
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Following this overview further details of the operation of the
major program segments are given in the following sections.

Ii 
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V. MAJOR PROGRAM SEGMENTS

The function and internal organization of the major program segments,
directly or indi rectly subordinate to WNDMGR are described in more detail.

V.1 DTBMGR (Data Base Manager)

The organization of DTBMGR is shown schematically in Figure 6, which
indicates the types of meteorological data which may be sought. This search
includes substantially all the data types available in the EPAMS data base.
The criteria for usable types of data depend upon the considerations explained
under DATANL below . The function of DTBMGR is to obtain from the data base
the data which is potentially relevant , and to store it in a readily accessible
memory block for subsequent processing by DATANL. Each of the routines sub-
ordinate to DTBMGR accesses a particular type of data. Through user specified
flags any combination of data types, including all or none , are accessed. If
user flags are not set, DTBMGR accesses all available data types. In DTBMGR
criteria of data relevance are based simply upon the time and location of the
surface—layer analysis to be performed.

MRCUA seeks the most recent upper air sounding data (up to 12 hours
old) from observation stations wi thin 250 km. of the simulation site. The

i nventory of upper air data is read until data less than 12 hours old is found .
A list of upper air stations wi thin 250 km. of the simulation site , ordered
by increasing distance , is generated. Upper air data from these stations is
read unti l four stations have been obtained or the list is exhausted. An
option provides for acquisition of upper air data at two time level s, within
12 hours after and before simulation time, for interpolative purposes when GWC
prediction data is either not present or not desired.

MRCSFC seeks data from surface observations at time’s previous to
simulation time up to a time limit , in hours , set by input flags. The search
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= extends to 150 km f rom the simulation site , but this spatial range is decreased
by 35 km for each hour of time difference between the simulation time and the
time of the observation. The search procedure produces a list of observations

• which satisfy these cri teria. Data from this list is read until six data
sets are found or the list is exhausted.

MRCGWC seeks USAF Global Weather Central “Fine—Mesh” prediction data
at the four GWC gridpoints closest to the simulation area . Data is sought
at two time levels , the actual simulation time and the time at which the
previously found upper air sounding observations were made. (In the case of
synoptic soun di ngs, the latter time is the GWC analysis time.) The search
procedure reads the GWC i nventory , creates a list of grid points closest to
the simulation site , and determines the block containing the GWC data at the
time required. The time is first set equal to the upper air observation time ,
and GWC data sets are read until four data sets are found or the list is ex—
hausted . The procedure is then repeated for the simulation time.

MESMOD acquires data previcusly generated by the ASL meso-scale model
at the nine grid—points (grid interval , 5 km) closest to or in the simulation
area . These data comprise the two components of wind momentum averaged through
a l ayer, the two vertical moments of wind momentum averaged through the layer,
the two components of total energy flux averaged through the layer , and the
variable layer height. These data , resulting from a diagnostic meso—scale
analysis , are deemed applicable if their analysis time is within three hours
of the prescribed simulation time.

MESNET is at prese’it a dummy routine , inserted to enable future consid-
eration of data acqu i red from a local mesoscale observational network.

The accessing of upper air , surface, and GWC data i~ the foregoing
routines is a substantial modification of routines previously used for data
accessing by DUMBAIJLD and BJQRKLUND (1976).
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Placing of the major program segment DATANL subordinate to DTBMGR
prevents the large blook of data acquired by DTBMGR from appeari ng at a higher
program level.

V.2 
- 

DATANL (Da ta Analysis )

Though subordinate to DTBMGR, data analysis constitutes a major pro-
gram segment. The function of the data analysis routine (DATANL) is to
generate from the relevant data extracted from the data base by DTBMGR the
parameters required to drive the surface layer wind analysis, WINDEX , as
described in Section III. The subordinate elements of DATANL are shown by
Figure 7. DATANL executes these elements as determined by priority ordering
and data availability or as specified by user supplied input flags.

The program element MANUAL reads user supplied driving parameters for
WINDEX when they are present and their use is specified.

The program element NETVAR is an inoperative dummy routine , included
to provide a slot for future use of local observational data from wi thin the
simulation area to generate input parameters for the surface wi nd analysis.

The program element MESVAR extracts a value of surface wind in the
simulation area from data previously generated by the one-layer ASL mesoscale
model . The methods described in Section 111.1 , employing asymptotic matching
of surface layer and outer l ayer profiles , BLACK.ADAR and TENNEKES (1968), are
used to establish a surface layer wind estimate from the mesoscale model
Output.

The program element PROFLS, together with its subordinate routines
as Indicated in Figure 7, determines the Interpolative planes of upper air
data over a large geographic area which Includes the simulation area. These
interpolative planes , valid at the simulation time, are established by the
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methods descrIbed in Section 111.2.

The program element TMPPRF uses the results of PROFLS to estab~ish th-
vertical potential temperature profile at the simulation site.

The program element SRFTMP employs the method described in Section 111.3
to generate an Initial estimate of the surface heating in the simulation area
using the surface station data. The values of the upper air pressure and poten-
tial temperature extrapolated to the surface at the location of each surface
station, together with the observed surface temperature, provide an estimate
of the surface air heating, AQ/C~. The average surface air heating, an input
to the surface layer analysis, is used by WINDEX to Initialize the field of
surface potential temperature in the simulation area.

The program element .UAVAR employs tfle upper air temperature and pressure
profiles In conjunction with surface station wind and temperature observations
to produce an estimate of general surface wind at the simulation site. UAVAR
Implements the method described in Section 111.3 by using a computed surface
geostrophic wind and the deviations of observed surface winds away from it to
extrapolate surface wind observations to the simulation site.

V .3 WINDEX (Wind Extrapol ation)

The major program segment, WINDEX , performs the high resolution sur-
face layer analysis of the wind field over the local simulation area. It
accepts the data supplied by DATA?4L consisting of an estimated uniform surface
wind over the simulation area , the vertical profiles of potential temperature
and pressure at the simulation site , and an estimate of surface air heating.
In addition to these metorological parameters WINDEX uses high resolution
arrays of terrain elevation and surface roughness. The organization and sub-
ordination of the constituent elements of WINDEX are shown in FIgure 8.
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The element TNPUTS initializes constants and transfers data to input
arrays of WINDIX.

The eLnent OUTPUT writes the final wind and temperature fields to
mass storage files in the EPAIIS data base and prints a formatted description
of wind analysis results.

After the operation of the element SETUP which initial izes the arrays
of wind, temperature, and terrain slopes, the core of the analysis is per-
formed by the routine RELAX. These two routines are described in the para-
graphs lounediately below .

V.3 .1 SETUP (Set Up)

The program element SETUP performs calculations required to initialize
the relaxational variation of the windfield. The field of upper air potential
temperature extrapolated to the surface , which serves as the ambient back-
ground temperature, Is calculated . Arrays of the horizontal derivatives of
terrain elevation are also calculated. Both of these arrays, background
potential temperature and terrain derivatives , remain fixed throughout the
subsequent relaxation.

Using the method of Section 111.3 the surface heating determined from
surface station data is used to establish an elevation dependent surface
potential temperature field which provides the initial buoyancy and tempera-
ture fields for the relaxation process.

The arrays of surface wind field components are initialized to the
uniform general wind provided by DATANL. A coordinate rotation is required
since internally WINDEX uses wind components rotated 45 degrees with respect
to the terrain axes. (See Appendix B and Figure B.l.) After completion of
the calculation , OUTPUT inverts this rotation to provide output wind components.
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V.3.2 RELAX (Least Constraints Rel axation)

The program element RELAX implements the concepts of Section II by a
set of numerical algori thms which perform a variational relaxation of wind
and temperature fields in the surface layer to generate a physically based
estimate consistent with mass conservation , the equation of motion, surface
boundary conditions , the constraint of the convoluted terrain surface, and
available meteorological information .

RELAX performs a user prescribed number of relaxation sweeps over the
grided arrays of velocity and temperature fields. During a single sweep
corrections of velocity and temperature to reduce the integrals of the model
equations (11.11) are computed at each grid point and stored . During the
sweep the local contributions to each of the integrals are summed to provide
the total value of each of the integrals at the conclusion of the sweep.
After the sweep is completed the corrections of temperature and velocity are
applied at all grid points , a simu l taneous relaxation of the fields. REL/~X
contains two sets of arrays of wind and temperature. In addition to the wind
and temperature arrays which are being relaxed , the wind and temperature arrays
corresponding to the minimum constraint obtained up to the current stage of the
relaxation are saved. When the prescribed number of relaxation steps is corn—
pleted these fields , corresponding to the minimum constraint at any stage of
the relaxation , are output as the best estimate.

Calculation of local contributions to the dynamic constraint and
temperature flux integrals requires that all subordinate routines of RELAX be
called at least once, and sometimes several times, at each grid point during
each relaxation sweep. As detailed in Appendix B, the local contributions to
the integrals are calculated in terms of fluxes Out of volume elements which
subdivide the computational layer. A given grid point at wFlich velocity compo-
nents and temperature are defined can appear on the surface normal face of
each of four overlapping flux boxes. The flux boxes couple a fiel d quantity
at one grid point to the field quantities at each of the surrounding eight
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grid points. Therefore a local grid consisting of these nine grid points is
provided in the structure. ~

- 

—

The routine STGDBX (Set Grid Boxes ) determines whether the current
grid point is in the Interior , on the boundary , or in the corner of the array
and sets the box indices which determine which of the surrounding four flux
boxes are possible. In the interior all four are possible , at the boundary
only two, and in a corner only one.

The routine WEIGHT zeros the box indices of all but the two flux boxes
most nearly upstream of the current grid point , so only upstream flux boxes
are used. (A user option provides for use of all 4 flux boxes , if desired.)
At boundaries and corners possible flux boxes are used regardless of wi nd
direction.

The routine LOCQUA (Local Quantities ) sets up the correspondence between
indices of the local 9—point template and the global grid indices of the simula-
tion area. Through calls to its subordinate routines, LOCPNT (Local Point)
and PTPROF (Point Profiles), It acquires or computes the values of all variables
needed to evaluate the contri butions of the local flux boxes to the integrals
of constraint and temperature flux divergence. The selection of flux boxes made
previously in WEIGHT determines at which points in the local 9—point template
these quantities are required. Because typically two flux boxes are used , the
local 9-point template is not completely filled . Each filled point of the
local template contains : the two horizontal derivatives of terrain elevation ,
an area scaling factor of sloping terrain , the exponent of the power law wind
profile, a momentum flux averaging factor of the power law profile , the sur-
face normal derivative of potential temperature, the buoyancy, two components
of wind velocity, and the local temperature. This set of routines uses the
methods described in Section 11.4.3 to determine the wind and temperature
profiles at each point. 

-

The segment ACCSQR (Accel eration Squared , Resultant) computes the least
constraint integral for each of the local flux boxes used , as well’as the
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surface normal acceleration in each of the flux boxes. (The surface normal
acceleration is used in the next relaxation sweep by the routine PTPROF to
compute flow curvature corrections to the stability). The results for the
flux boxes are then averaged.

The actual calculation of the constraint integral of a single flux
box is done by the routine ACCSQL (Acceleration Squared , Local). This routine
employs the algorithms derived in Appendix B based upon the terrain following
coordinate system described in Section 11.4.2.

The routines TPFLUX (Temperature Flux) and TPFLXL (Temperature Flux ,
Local ) are structurally analogous to ACCSQR AND ACCSQL , respectively. They
employ the algorithms of Appendix B to calculate the local contribution to the
potential temperature flux integral.

To implement the relaxation scheme descri bed in Section 11.5 the
segment DELTA cal culates the derivative of the local constraint integral with

• respect to each of the two components of wi nd velocity at the simulation grid
point. It also calculates the derivative of the local contribution to the
temperature flux integral wi th respect to the local grid temperature. These
derivati ves are established through additional calls to ACCSQR and TPFLUX
with slightly altered velocity and temperature.

The control routi ne RELAX uses these derivatives , accumulated during
the relaxation sweep, to compute and apply relaxation corrections to the wind
and temperature fields according to the method of Section 11.5 prior to the
initiation of the next relaxation sweep.

V.4 DRIVRS (Driving Parameter Test)

The major program segment DRIVRS (Drivers) performs the important
executive function prior to the execution of WINDEX of testing whether the
driving (input) parameters of WINDEX differ sufficiently from the driving
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parameters of previous archived executions to j ustify a new execution of
- 

WINDEX . The driving paPameters tested are the terrain data, background
- wind, and surface heating. The tests are the following: terrain data must

be Identical ; the background wind estimates must agree to within 20% in
magnitude and to within 10 degrees in direction ; the surface heating
estimates, must agree to wi thin 1.5 degrees . If all the tests are
met for some archived set , the run number of the archived run is printed
and WINDEX is not executed. If no archived set meets these tests , the

surface wind file header is updated with the new driving parameters and
WINDEX is executed.

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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surface normal acceleration in each of the flux boxes. (The surface normal
acceleration is used in the next relaxation sweep by the routine PTPROF to
compute flow curvature corrections to the stability). The results for the
flux boxes are then averaged.

The actual calculation of the constraint integral of a single flux
box is done by the routine ACCSQL (Acceleration Squared , Local). This routine
employs the algorithms derived in Appendix B based upon the terrain following
coordinate system described in Section 11.4.2.

The routines TPFLUX (Temperature Flux) and TPFLXL (Temperature Flux ,
Local) are structurally analogous to ACCSQR AND ACCSQL , respectively. They
employ the algorithms of Appendix B to calculate the local contribution to the
potential temperature flux integral.

To implement the relaxation scheme described in Section 11.5 the
segment DELTA calculates the derivative of the local constraint integral with
respect to each of the two components of wind velocity at the simulation grid
point. It also calculates the derivative of the local contribution to the
temperature flux integral with respect to the local grid temperature. These
derivati ves are established through additional calls to ACCSQR and TPFLUX
with slightly altered velocity and temperature.

The control routine RELAX uses these derivati ves, accumulated duri ng
the relaxation sweep , to compute and apply relaxation corrections to the wind
and temperature fields according t’~ the method of Section 11.5 prior to the
initiation of the next relaxation sweep.

V.4 DRIVRS (Driving Parameter Test)

The major program segment DRIVRS (Drivers) performs the important
executive function prior to the execution of WINDEX of testing whether the
driving (input) parameters of WINDEX differ sufficiently from the driving
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VI INDEPENDENT UTILITY PROGRAMS

The surface layer analysis routine of EPAMS is complemented by some
utility routines to facilitate its operation . These routines serve the
functions of creating appropriate arrays of terrain data for the surface
layer analysis and of providing a flexible plotting capability for surface
l ayer analysis results. The terrain processing routines access files of
topographic data available at the ASL and produce the blocks of high—resolu-
tion terrain data used by the surface layer analysis. A plotting routine
is provided for graphic display of the surface layer analysis results which
are stored in the EPAMS surface wind file. Three simple interactive routines
are also supplied to aid in file management. The terrain processing and
the plotting routines, while presently independent of the wind analysis ,
could readily be made a part of the EPAMS.

VI.l TERRAIN PROCESSING (TERPRO)

Two programs perform terrain processing, one for the southwestern
U.S. and one for a block of terrain in Europe (near Fulda , Germany).

Figure 9 shows the general structure of the SWTJS program. Its func-
tion is to use the micro—terrain data available at ASL (consisting of some
400 80-by-80 blocks of terrain elevation data on the UTM grid at approxi-
mately 63.5 meter horizontal resolution) to create 40-by-40 bl ocks of terrain
elevation and surface roughness length data usabl e by the surface layer
analysis. BLKDRV acquires header data, reads input, and writes out updated
header data .

BLKM GR calls its major subordinates , monitors their results , updates
the header after each new pair of terrain elevation and surface roughness
arrays has been created, generates roughness estimates based upon terrain
elevation, and blocks out the terrain and roughness arrays to mass storage.

- 

- 
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Figure 9. SWUS Terrain Processor (TERPRO)
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REGRID determines the grid spacing , dimensions , and UTM coordinates
of the southwest corner of the block to be created. BLOCKO determines which
blocks from the large input terrain file are needed to create the output
block. PASTE keeps track of indices while pasting together the portions of

• already processed data which will compose the output block. FILTER acquires
one of the input 80—by-80 blocks , averages terrain elevations , applies
corrections to avoid excessive smoothing, and returns the portion required
in the final output block.

Figure 10 shows the general structure of the program which processes
the European terrain data. The initial European data file consists of a
single lol—by—51 block of packed data which contains elevation and height
of ground cover. The processing routine outputs a pair of 51-by-3l data blocks
containing terrain elevation and surface roughness length .

BLKDRV and BLKMGR perform the same functions as the routines of the
same name in the SWUS terrain processor. CORNER determines grid indices in
the 101-by-SI bl ock corresponding to UTM coordinates specifying the corners of
the terrain block to be created. CARVE transfers the required 51 by 31 block
from the larger block to a working array. UNPACK unpacks the data in the
working array, computes roughness lengths from terrain cover heights , adds the
displacement height of terrain cover to the terrain elevation , and returns
the two blocks , terrain elevation and roughness length , to be stored in the
output file.

VI.2 PLOTTING ROUTINES

Figure 11 displays the general structure of the MRC plotting program
constructed to plot data generated by the surface l ayer wind analysis. The
plotting program employs many program elements developed by ASL personnel
and available on program fil es at ASL.

XECAMT and PLTPRG provide ready interfacing with the EPAMS control
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structure.

The executive for the MRC plotting routine is OMEXEC which reads
input , sets defaults , calls subordinates and prints formatted descriptions
of the final resulting plots. RESET initializes the plotter prior to each
new plot. Initialization may consist of overl aying plots , vertical stacking
on the plot paper, or horizontal displacement on the plot paper to a new
origin.

The plot routine can produce several different types of plots . Each
of these plot types is generated by one of the major subordinate elements of
OMEXEC. The major subordinate elements call many of the same routines. TERCN
sets up a call to KSOCON to produce contour plots of terrain elevation .
TMPCN performs a similar task to produce contour plots of potential temperature.
STRMCN sets up data for a call to STRMLN which produces streamline plots and ,
optionally, calls KSOCON for an overlaid plot of wind speed isotachs . PLOVEC
prepares data for a call to VECPLT which plots the windfield as small discrete
vectors, whose direction is that of the wi nd and whose magnitude is propor-
tional to wind speed. THREED calls EZSRFC to obtain three-dimensional pro-
j ective v iew s of terrain relief.

The routines DPREP1 and DPREP2 are used to transfer data from mass
storage blocks to arrays required as calling arguments for the library plot

— routi nes KSOCON , STRMLN, VECPLT, and EZSRFC . DPREP3 performs scaling and
alignment for PLOVEC .

V1.3 FILE MANAGEMENT

The routine BLKINI is a brief interactive routine used to initialize
the header block of the microterrain fi les or the files of surface wind
analysis results . When these files are first catalogued BLKIN I must be
used to wri te the header data which makes possible subsequent reads of the
header. The first word of the header should be set equal to zero.
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TERDOC and PLTDOC write out formatted descriptions of header data
for the microterrain and surface wind files respectively.
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VII GENERAL CONCLUSIONS

There remain some general aspects as wel l as some specifi c points
relating to the surface wind analysis for EPAMS which warrant further dis-
cussion. Experience in the development of the model has indicated limita-
tions and suggested possible avenues of improvement. These are examined
below.

VII.l Data Analysis Procedure

The high—resolution surface wind analysis was originally conceived as
an extrapolative/interpolative method for a terrain—sensitive estimation of
surface wi nd fields on the basis of a few real time measurements located in
the simulation area. In the EPAIIS system such measurements are presently
unavailabl e, so initial input estimates are derived by analysis of meteorolo—
gical observational data remote in space and sometimes remote in time. The
data analysis procedure is a rational attempt to bri dge a large gap in scale
on a physical basis without the use of an intermediate (meso—) scale model.
A simple mesoscale model incorporating gross regional topography might
perform this function better.

The mesoscale model of DANARD (1977) with some modifications would be
appropriate for this purpose. The Danard model accounts for topographic struc-
ture, surface diabatic effects and synoptic pressure gradients through a clever
appli cation of the pressure tendency equation , the equation of motion , and
the thermodynamic energy equation in a relati vely simple manner. One of its
strengths is the ability to operate with only numerical predicti on data or
data from a single sounding. Data of this type, in fact in more detail , is
generated from the EPAMS data base by the data analysis procedures for the
surface layer wind calculation . Two possible weaknesses of the Danard model
are its rough parameterizati on of the atmospheric boundary layer and its
present structure as an initial value problem requiring integrations forward
in time to achieve a balanced solution . The use of better boundary l ayer
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parameterization as described by ARVA (1977) possibly in conjunction with the
ideas of thermal layers as used in the ASL meso-scale l ayer model would go
far to rectify the first of these problems. Casting of the model equations
into steady state variational form instead of initial value problem form
would. not only remove same uncertainti es with the time-dependent approach ,
but would also permi t the natural incorporation of constraints arising from
additional surface or sounding observations which might exist. Use of all
observational data could only improve reliability. Data analysis through a
mesoscale model could provide more reliable i nput to the high—resolution
wind model as well as providing windfie lds at mesoscale resolution over a
larger region .

VII.2 Surface Layer Anal ysis

In the development of the numerical algorithms for the surface layer
analysis an effort was made to encode the basic model equations as accurately
as possible. The analysis procedure is singularly delicate because the
variational integral depends upon the fourth power of velocities and contains
no terms such as opposing pressure and frictional forces whose balance would
occur at a finite velocity . With some early algori thms the model run wi thout
any buoyancy forces produced wi nd fields which decreased in speed as the
relaxation proceeded, wi th consequent monotonic decrease of the constraint to
no minimum but zero. At first this behavior was attributed entirely to the
“open boundary” problem of the surface layer approximation and a great many ,
necessarily somewhat simplified , remedies using an additional vertical layer
were attempted. None of these efforts were satisfactory and in the end they
proved unnecessary. The difficulty was overcome by the more accurate algo-
rithm of averaging the square of acceleration rather than squaring the average
of accelerati on within the fundamental flux boxes of the computation (See
Appendi x B). In general , experience with the method indicates that accurate
computational replication of basic principles is more effective than seem-
ingly more expeditious computational short-cuts.
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Incorporation of more vertical structure, however, might still be
desirable, not to solve the above problem but to enhance the fidelity of
results. As presently constructed the model shows terrain sheltering and
wake structure but complete effects of flow separation are doubtful in an
analysis of a single surface l ayer. Resolution above the present single
layer could best be achieved by analytical functions wi th variable para-
meters which continue the surface layer profiles rather than by finite
difference methods applied to several layers. Should further development
of the model occur a complete re-examination of not only the vertical but
also the horizontal structure of the computational grid would yield
dividends . A uniform computational grid is wasteful in flat areas. A
variabl e hori zontal grid size, perhaps of basic triangular pattern , to
provide resolution to only the degree needed would decrease overall storage
requirements and free memory to incorporate more vertical structure.

The geometrical proportions of the basic flux box impose a limi ta-
tion on the use of the surface layer analysis. The present analysis contains
approximations valid if the l ayer thickness is less than 0.1 of the basic hori-
zontal grid interval . The maintenance of this approximate proportion also insures
that momentum fluxes through top and side faces of the flux box are roughly
comparable. For validity of the atmospheric surface l ayer approximations the
computational height must remain in the surface layer , perhaps less than 50
meters. Therefore uncertainties arise if a horizontal grid Interva l greater
than 500 meters or much less than 10 times the computation height is used .

Because the basic wind analysis routine was developed on a smaller
computer than the UNIVAC 1108, the numerical code performs more computations
than necessary when more memory is available. At each grid point at each
relaxational sweep physical quantities are re—computed at grid points of the

surrounding 9-point template . The templates , of course, o’~ierlap and computa-

tion time could be saved by providing large global arrays to store these

physical quantities and avoid redundant calculations . While faster running

is desirable on the UNIVAC 1108, the adaptability of the basic wind analysis
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(without the data accessing and processing routines) to smaller computers
underscores its potential appl icability for operational use in the field.

As mentioned previously treatment of the diabati c effects at the earth-
atmosphere interface mi ght be improved . Not only could the fluid dynamic
energy equation be handled with more precision , but also better initial surface
air temperature estimates are possible. Algorithms to account for solar
radiative heating and long wave l ength ground radiation as a function of terrain
slope, sun position and ground cover could be added to the present estimating
procedure which is based solely upon terrain elevation . Cloud cover and humidity ,
presently not considered , would also bear upon this question .

Many of these suggested improvements could be possibly incorporated ,
but at the expense of increased mode l complexity . One of the prime advantages
of the present surface layer analysis is its simplicity , both in concept and
in its numerical imp l ementation. Throughout the model development an effort
has been made to refrain from non-productive elaboration , based on the under-
standing that simplicity was a desi rable attribute . Refinements should be
insti tuted only if clearly required and then only if they do not entail a
heavy computational burden . The avail able information upon which the analysis
is based may not justify attempts at added precision . Insightful approaches
rather than brute-force computations are needed .

VII.3 Validation

Presently the surface layer wind analysis is unvalidated in the sense
that its present form has not been compared with observational data. Since
observational data at the resolution of the analysis will likely be extremely

difficult to obtain any validation must consist of selected spot comparisons.
The problem is the comparison of an estimated windfield , (at the model reso- I -

lution) with another windfield wel l defined at observation locations but only

estimated at other 1o~at1ons. A cross-correlation of the observed wi nd vectors



with the modeled wi nd vectors would provide a measure of comparison but only
at the set of observational sites. The need is for a general integra l measure
to compare two fields taking account of the fact that except at selected points
one of the fields , the observational one in this context , is the more poorly
defined . We do no more than state this general conception of the validation
problem.

However, the surface l ayer analysis wi thin EPAMS presents at least three
model structures to val idate. The surface l ayer analysis i tself given accurate
driving parameters, the data analysis procedure for obtaining driving parameters
from meteorol ogical data types, and the total analysis which couples together
both the data analysis and the surface l ayer analysis are the three structures.
The overall analysis could be relati vely i nvalid because of the inadequancy
of one of its stages. Likewise the wind field analysis might operate well
only if provided more accurate input than the data analysis generates. In-
vestigation of these detailed questions is facilitated by the control structure
provided , which allows separate operation of the data analysis routines and
user suppl i ed input to the basic surface l ayer analysis.

VII.4 Additional Model Uses

The surface layer analysis through its employment of surface l ayer
wi nd and temperature profiles establishes in the course of the calculation
the parameters of these profiles . Two parameters of interest are the surface
friction vel ocity , u~, and the Monin-Obukhov length , L. Presently these para-
meters are not saved in the analysis, but given adequate storage they could
be recovered and stored in suitable arrays. These parameters are of interest in
their own ri ght and perhaps could provide necessary input for a calculation
of flow within the vegetative canopy .

The advective acceleration and its accurate calculation play a funda-
mental role in the surface layer analysis. Once a state of minimum constraint
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is reached the advective acceleration does not remain fixed but at each grid
point continues to fluctuate about some average value as the relaxation continues.
The fluctuating acceleration resulti ng from fluctuating velocities is dimensionally
equivalent to a fluctuati ng stress gradient. To be sure this fluctuation
is a fluctuation In relaxation steps rather than a fluctuation in time. Never-
theless the magnitude of this fluctuation is governed by the range of local
dynamic imbalance occurring in the flow field. It is tempting to conjecture
that these fluctuations may model the actual grid-resolvable turbulent fluctuations
of the flow. If this possibility were explored and substantiated the surface
layer analysis could be extended to supply turbulent diffusivities in flows
over rough terrain in addition to the mean wind field i tself.

The surface layer wind field analysis is a new approach to a difficult
problem, an approach which offers significant conceptual and practical advantages.
Further development should consist of extensive exercise of the model coupled
with observational tests. Refinements and extensions as dictated by experimental
and theoretical considerations can be introduced both to perfect the present
model and to pursue addi tional avenues implicit in the concept.
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APPENDIX A

FILE DESCRIPTIONS AND USER INSTRUCTIONS

The total software associated with the surface l ayer wi nd analysis
consists of the following :

1) A main program file , MRC*EPAMS. (hereafter referred to as M.)

2) A utility program file , MRC*UTILITY. (hereafter referred to

as MT.)

3) Four data files :

SWUS*MRCTRF

SWUSMRC*WNDARCH I VE
EUR O*MRCTRF
EUROMRC *WNDARCH I yE .

All software is stored on UNIVAC 1108 library tape. Program files

contain the following types of elements :

1) FORTRAN source

2) Relocatable

3) Absolute

4) Job control

5) Sample input and documentation

r~Te M. is used for the creation and execution of the surface wind

A -i
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program, while MT. supplies plotting capability and terrain fil tering routines.
The first two data files contain , respectively, the micro terrain i nput and
micro wind output for the southwest U.S. The other two data files contain
corresponding data for Europe. The structure of the data files is as
follows. The terrain files have a header in block 1 , followed by pairs of
blocks containing terrain and roughness data, respectively. The header con-
sists of the 251 words in common block /TBLHDR/. The first word , RCOUNT,
gives the number of archived pa i rs in the file. The other words give grid
dimensions , IJTM coordinates, and grid spacing for each pair of blocks. The
surface wind and temperature output files also contain a header in block 1 ,
followed by triples containing the output fields of potential temperature,
u-component of wind , and v—component of wind . The headers for these files
consist of the 401 words in common block /MRCHDR/. The first word gives the
number of archi ved triples in the file. Other words give the driving para-
meters used fcr the run creating the output fields .

The surface wind model draws on the following data bases within the
EPAMS system: Upper air , surface station , GWC prediction , mesomodel , and
mesonet. As of November, 1977, these data sets were contained in the following
files:

FOR SOUTHWEST U .S.

FILE NAME DESCRIPTION

SWOBS. upper air directory
SWtJAD. upper air data inventory
SWUS*SFDTA1. surface station data inventory
SWGWCP. GWC directory
SWGWCD. GWC data inventory
MRC*TERRAIN. mesoscale terrain
323M~SGRD2. rnesomodel output
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FOR EUROPE

FILE NAME DESCRIPTION

EUROBS. upper air directory
EURUAD. upper air data inventory
EURO*SFDTA1 . surface station data inventory

Comments: 1.) GWC and mesomodel data are not presently available for Europe.
2.) The surface station directory is contained in the first bloc k of the
surface station inventory rather than in a separate file. 3.) The connection
between fi l es and for tran lo g ical un i t varia bles i s gi ven below :

FORTRAN LOGI CAL
EJJIIE JCL USE NAME UNIT NUMBER FORTRAN VARIABLE

MRC*TER RA IN. F3. 3 ~RRN FL
323*WSGRD2 . F7. 7 GRIDF 2
XINFIL.  1 0. 10 XINFIL
SWOBS. F8. 8 OBFILE
SWUAD. F l .  1 UAF ILE
SWGWCP . F l i .  11 GWCOBF
SWGWCD. Fl2.  12 GWCFIL
SWUS*SFDTA 1 . Fl5. 1 5 SFCFIL
SWUS*MRCTRF. F16. 16 MICTRF
SWU SMRC M4NDARCH I VE. F 17. 17 MOTFIL
PRINTS. 6 XOTFIL

4.) The Input file , XINFIL., is a GUP file which may need to be created prior
to running the model. 5.) The output file is PRINT$. which is the default
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file for FORTRAN logical unit number 6. 6.) To run the model in Europe re-
quires appropriate c~hanges in file assignments . JCL elements which assign
the proper files are M.WNDASG/SWIJS for the SWUS and M.WNDASG/EUR for Europe.

MAIN PROGRAM -- INPUTS

The surface wind model program allow s the user flexibility in the
following areas:

1) data bases to be used ,

2) time and place of simulation ,

3) version of the wind model to the run .

The user specifies his options by setting flags in the input file (input data
is in namelist format). The standard input file contains the namelists
/XFLAGS/ , /FLAGS/, and /TIMPLA/. A description of all flags in the Input
file is given in element M.USERGUIDE.

/XFLAGS/ sets flags held in common block /MESAGE/ which are used by
the EPAMS executive. The flags are:

FUNCTN, TASK, JOB, BLOCK , FI LE , PRI NT, LEVEL .

The surface wind model may be run by setting FUNCTN 2, TASK 2, and JOB = 0.
Other flags are not used.

/FLAGS/ sets flags held in comon block /MRCIPF/ and are used by
WNDMGR to control the data base search and execution of the wind model . These
flags are described below.
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IDAT(I), IMDT(I), I = 1 ,6. These twelve flags specify the data bases
to be searched and special features of the search. Indices one thru six

• correspond, respectively, to upper air , surface station , GWC, mesomodel ,
mesonet, and manual input data. If IDAT(I) = 0, a search is made of the data

• base corresponding to index I. If IDAT(I) is not zero, no search is made.
For example , a typical run would have IDAT(l) = 0, IDAT(2) = 0, IDAT(3) = 0,
IDAT(4) =1 , IDAT(5) = 1 , IDAT(6) = 1; this indicates that the upper air ,
surface station , and GWC data bases are to be searched for relevant data,
while no use is to be made of mesomodel , mesonet, or manual input data.
Mesonet data is not present at this time and calls to the mesonet accessing
routine are in fact dumied out. Mesomodel data should be sought only if it
has been specially created for the surface wi nd model . It is hoped that later
versions of the EPAMS system would permit a mesomodel to be called prior to
calling the surface wind program. If the user wishes to input manual data,
no other data bases need be searched. The flags IMDT(I) give special informa-

tion about how the data base searches are to be done. If IMDT(l) = 0, the UA
inventory is searched for observations just preceding simulation .time. If
IMDT(l) = 1 , UA observations just preceding and just following simulation
time are sought and readings are interpolated in time. IMDT(l) should be
zero for real-time simulations , and 1 for European simulations (since no GWC
data exists in Europe). IMDT(2) places limits on the surface station data
search. Data up to IMDT(2) hours old will be sought. The recomended value
is IMDT(2) = 2. IMDT(4) is the number of the first block of mesomodel data
in file 323*WSGRD2. Presently one should set IMDT(4) = 8 if mesomodel data
is to be sought. Flags IMDT(3), IMDT(5), IMDT(6) are not used.

The flag ILASTR , if set equal to 1 , directs WNDMGR to return control
to the EPAMS executive at the end of a run. If ILASTR = 0, WNDMGR wi l l
retain control and read input from namelists $FLAGS and $TIMPLA for another
run.

IHIERC specifies the version of WINDEX to be executed. If IHIERC = 0.
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data bases are searched and data analysis is performed, but WINDEX is not
called . IHIERC = 1 directs WINDEX to apply corrections to the initial wind-
field but make no changes to the initial temeprature field. IHIERC = 2
directs changes to be made in both wind and temperature fields.

IFLUX specifies the number of flux boxes to be used computing the
local contribution to the acceleration and temperature divergence residuals.
IFLUX must be 2 or 4, and 2 is recommended.

IRELAX is the number of relaxation sweeps to be performed by WINDEX
in searching for wind and temperature fields with minimum residual . IRELAX
probably should be greater than the largest array dimension (i.e. larger than
ILE + 1 — ILW and JLN + 1 — JLS). IRELAX = 50 is recommended.

ILE , ILW , JLN , JLS specify the portion of the micro terrain grid over
which the wind and temperative fields are to be simulated . The terrain grid
is blocked in as a matrix of dimension ILL by JLL (40—by—40 in SWUS, 51—by—31
in Europe). If one wishes to simulate the wind only in the left half of
this matrix , one would set ILE = 20, ILW = 1 , JLN = 40, JLS = 1. The default
and recommended values are ILE = ILL , ILW = 1, JLN = JLL , JLS = 1.

The flag MTRBLK may be used to specify which set of micro terrain and
roughness data (from file SWUS*MRCTRF . or EURO*MRCTRF.) is to be used . The
micro terrain file contains a header in block 1 , followed by pairs of blocks
containing terrain and roughness data. For example, to use the fifth pair ,
set MTRBLK 5. The alternative method is to set MTRBLK = 0, in which case
the header is searched for a block of terrain wi th southwest corner within
10 kilometers of location (XPLACE , YPLACE) (see below). If no such terrain
Is found , execution of WINDEX is suppressed .

NTST is used by routine DRIVRS to determine whether WINDEX should be
executed. If NTST = 0, a search is made to see if the driving parameters of
a previously archived run match the present parameters. If a match is found ,
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execution of WINDEX is suppressed. If MIST = 1 , no search is made; WINDEX is
executed and its output is archived .

/TIMPLA/ sets flags held in common block /COORD/. These flags are
XPL ACE , YPLACE , ZPLACE , YEA R , MONTH , DAY , HOUR , MINUTE . XPLACE , YPLACE are
the UTM coordinate of the southwest corner of the simulation site. ZPLACE
is the elevation in meters of the site . If ZPLACE = 0.0, the program will
determine a default value. ZPLACE = 0.0 is recomended . XPLACE, YPLAC E are
used to locate the terrain block to be used. After the terrain block is
found , XPLACE and YPLACE are redefined to agree wi th the actual coordinates

of the southwest corner of the block found. YEAR , MONTH, DAY , and HOUR are
integer variables which refer to the l ocal time at which the simulation is to
take p lace . MINUTE is not used.

It is possible to run the model independently of meteorological data
bases by supplying the mesoscale driving parameters as input. The additional
input is read from namelist /MFLAGS/, consisting of the followi ng variables:

TPRO(i), TPRO (2), TPR O( 3) - 850,700 ,500 mb poten tial tempera ture prof i le

ZPRO (l), zPRO(2), ZPR O ( 3) - 850,700,500 mb height profile

DELQ - surface heating

GENWND(1) - easterly component of mesoscale wind

GENWND(2) - westerly component of mesoscale wind

NUMOBS - number of spot observations

If NUMOBS is nonzero, then the Input namelist /MFLAGS/ must be
followed by NUMOBS lines of data , formatted 15, 15 , FlO .2, F1O.2 , FlO.2. The
data from line I sets the following variables:
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KINDX(I), LINDX(I) - grid indices of spot observation I

UW(I) - u component of wind

vW(I) - v component of wind

THETAO (I) - potential temperature

Table A.l summarizes information about input variables and defaults. Defaults
are applied whenever an input value lies outside the range of the variable.
If no range Is specified, no default is given.

PLOTTING PROGRAM -- INPUTS

The utility plotting program may be used to produce plots of wind,
temperature, and terrain fields. A description of input variables is given
in M.USERGUIDE. Additiona l comments follow.

The plotting program is designed to plot data which has been archived
in either the micro terrain file or the surface wind and temperature file.
Flexibility in the plotting routine is achieved via input flags. The data
to be plotted is specified by setting the flags WATFIL, ISTASH , and ITYPE.
WATFIL should be 16 for terrain plots and 17 for wind and temperature plots.
ISTASH specifies the pair or triple of blocks to be used (the program computes
the proper block number depending on values of WATFIL, ISTASH , and ITYPE).
ITYPE specifies the type of plot:

h YPE 1 contour plot of terrain

ITYPE = 2 contour plot of temperature
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TABLE A.l

MAZIELIST : /XFLAGS/

VARIABLE 
~~ ~~~~~~~~~ DEFAULT COI~?iENT

FUNCTN INTE GER • 2 for wind model
TASK INTEGER • 2 for wind model
JOB INTEGER • 0 for wind model

BLOCK INTEGER not used
FILE INTEGER not used
PRINT INTEGER not used
LEVEL INTEGER not used

NANELIST: /FLAGS/

VARIABLE 
~~ ~~~~~~~~~ DEFAULT COI44ENT

IDAT(1) INTEGER 0—1 0 LJA access
I~~T(2) INTEGER 0—1 0 SS access
I DAT(3) INTEGER 0—1 0 GWC access
IDAT(4) INTEGER 0—1 1 mesomodel access
IDAT(5) INTEGER 0—1 1 mesonet access
IDAT(6J INTEGER 0—? 7 menual input
IM OT( l)  INTEGER 0—1 0 UA Interpolation
IMOT(2) INTEGER 0—3 2 Surface data tii~ constraint
11401(3) INTEGER not used
IMDT(4) INTEGER 1-150 8 mesomodel block #
11401(5) INTEGER not used
I~~T(6) INTEGER not used
ILASTR INTEGER 0-1 1 last run flag

MIST INTEGER 0—1 0 archIving required flag
IFLUX INTEGER 2 or 4 2 # of flux boxes
IIIIERC INTEGER 0—2 0 model copolexity
MTRBLK INTEGER 0-~ 0 micro terrain run •
IRELAX INTEGER 1-100 5 0 of relaxation sweeps
lIE INTEGER I-ILL ILL grid Index limit
11W INTEGER 1—ICC 1 grId Index limi t
JLN INTEGER l-~JLL JIL grid index l imi t

JIS INTEGER 1—JCC 1 grId index l imit
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TABLE A. 1 (continued)

NAI~LIST : /TIP~ LA/

VARIA$LE DEFAULT COI~ENT

XPLACE REAL UTM X-coordlnate (Ice )
YPLACE REAL UTN Y-coo rdinate (kin)
ZPLACE REAl.. DEFAULTED IF INPUT elevation (in)

AS 0.0
YEAR INTEGER should be 1974
MONTH INTEGER 1— 12 local month
DAY INTEGER 1-31 local day
HOUR INTEGER 0—24 local hour
MINUTE INTEGER 0-60 not used

NMCLIST : /MFLAGS/

VARIABLE TYPE RANGE DEFAULT COMMENT

TPRO(1) REAL 850 MB potential tepoerature
TPRO(2) REAL 700 18 potential terperature
TPRO(3) REAL 5~O 18 potential temperature
ZPRO(1) REAL 850 MB elevation

ZPRQ(2) REAL 700 MB elevation
ZPRO(3) REAL 500 119 elevation
DELQ REAL surface heating
GENWNO(l) REAL nesoscale u—wind
GEN%dND(2) REAL nesosca le v-wind —
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ITYPE = 3 streamlines of windfield with speed contours

• overlaid

• ITYPE = 4 vector plot of wi ndfleld wi th scaled magnitudes

ITYPE = 5 projective view of terrain relief

The block size of the data is given by ILL , JLL ; set ILL = 40, JIL = 40 for
the S.W. U.S., and ILL = 51, JLL = 31 , for Europe.

The values of ILE , ILW , JLN , JLS should be the same as those used in
creating the wind and temperature output for plots of such data; for plots of
terrain , they may be set to limi t the region which is to be plotted (see the
description of these variables in /FLAGS/).

NUMUP is used to stack plots vertically. If 12 inch paper is used
on the plotter, NUMUP should be 1; for 24 inch paper, NUMUP may be 2 if PLH
is not more than 9.0; for 36 inch paper, NUMLJP may be 3 if PLH is not more
than 9.0 and may be 2 if PLH is not more than 14.0.

PLH is the height in Inches of the vertical axis.

SAMPLE is used for plotting a sampling of the data. If SAMPLE = 1 ,
the full array is plotted. If SAMPLE = 2, a sampled array is plotted.
SAMPLE = 2 is recommended for h YPE = 4 plots if PLH is less than 15.0.

WATPEN determines the plotter pen color. Changing the color is de-
sirable for overlaid plots. The code is 1 = black , 2 = red, 3 = blue. Recom-
mended values are WATPEN = 1 for contour plots, = 3 for windfield streamlines
or vector plots. Titles are plotted in red.

OVRLAY is the overlay flag. If QYRLAY 0, the plotter is advanced to
a new region for the plot. If OVRLAY 1 , the plot is laid over the previvus
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plot. ITYPE = 4 plots followed by ITYPE 1 with OVRLAY = 1 plots are especially
recommended.

NCON is the number of contours to be drawn for contour plots. The
following values are recommended :

NCON = 12 for ITYPE = 1 or 2;

NCON 0 or ~ for ITYPE 3.
(NCON = 0 is permissible only for ITYPE = 3)

TEXT is a character array used for p lott ing ti tles. It is always
program—determined at present.

ISTOP Is a stopping flag whose use is optional . If ISTOP = 1 , no plot
is produced and the program terminates. If ISTOP = 0, inpjt is read for another
run; but if the end of the input file is reached , the program stops .‘ ilally

without error.

TERRAIN CREATING PROGRAMS -- INPUTS

The terrain creating program for the SWUS is designed to create 40-by-
40 blocks of terrain and roughness data for output to file SWUS*MRCTRF. The
input source of terrain data Is file NI*l3_lOE . which contains 80-by-80 blocks
of terrain with grid spacing approximately 63.5 meters (each block represents
a region approximately 5.08 km square). The 80-by-80 blocks are aligned with
the (1 ,1) point in the southwest corner, and with increasing values of the
first coordinate corresponding to poi nts farther to the north. File NI * 13 -
b E ,  contains over 400 such blocks. The terrain creating program reads inputs
in namelist format from XINFIL. The namelist is /INPUT/, containing the
variables UTMX, UThY, NSQRX, NSQRY , IQUAO , and ISTOP. The program searches
the header of file NI*l3~.l0E . for a block wi th southwest corner within 14.5 km
of IJTMX , UTMY. If such a block B Is found , then the region consisting of
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NSQRX-by-NSQRY of the 80—by—80 blocks (with block B in the southwest corner)

• is filtered to produce the 40-by—40 output block. The output block is
aligned with the (1,1) point in the southwest corner, and wi th increasing

• values of the first cooruinate corresponding to points farther to the east.
Portions of the 40-by-40 output block may contain irrelevant data ; for
instance, if NSQRX = 1 and NSQRY = 2, only the data is columns 1 through 20
is relevant. If NSQRX = 1 , NSQRY = 1 , and IQUAD is nonzero, a forty-by-
forty quadrant will be chosen from the 80-by-80 input block B. The quadrant
chosen is determined by the value of IQUAD:

IQUAD = 1 southwest quadrant
IQUAD = 2 southeast quadrant
IQUA D = 3 northeast quadrant
IQUAD = 4 northwest quadrant

The program reads input from /INPUT/, creates output blocks , and repeats,
until the end of the input file is reached or a value ISTOP 1 is read.

The program for creating terrain in Europe is much simpler. The existing
data base is a single l0l-by—5l block near Fulda , Germany wi th southwest corner
at UTM coordinates (552.4 km, 5592.665 km), grid spacing 100 m., and oriented
at an angle of + .89982 radians wi th respect to west-east. The program accepts
as inputs from namelist /INPUT/ the variables UThX, UTMY, and ISTOP. If
possible , a 5l—by3l block is output wi th southwest corner wi thin 75 m of
UTMX, UTMY , grid spacing 100 m, and aligned with the input block. If no such
block fits wi thin the input block , a message to that effect is printed . Input
is read till the end of the data is found or a value of ISTOP = 1 is read.

EXECUTING ABSOLUTE ELEMENTS

Long runs of the surface wind model should be run batch. This may be
easily done from a demand terminal by executing the following control state-
ments:
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@ USE M., MRC*EPAMS.

@ ASG, AZ M .

@ ADD M.BATCHINP

At this point, the user will be in the Ed processor wi th a listing of the
input file XINFIL. displayed on the terminal . After editing the input file
as desired , enter

@ ADD M.GOBATCH

@ START ,/R M. BATCH ,, [RUNID], [PAN~,, ETIMEST], EPAGEST]

this initiates the batch run.

A similar procedure (described in element M.USFRGUIDE) may be used

to execute the plot program in batch mode.

Creating and executing of all FORTRAN programs in fi l es M. and MT.
has been done wi th the aid of elements containing job cont ’ol language state-
inents or sample input data . JCL elements may be used to compile all routines
used in a program , map relocatable elements into an absolute element , or
assign files . Table A .2 summarizes the use of these special elements .
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